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Abstract 
The studies presented in this thesis highlight important issues relating to the measurement of 
physical activity (PA) and sedentary behaviour (SB) in older adults, especially relating to the 
transfer of these methods to free-living environments.  
Study One examined cut-points for ActiGraph GT3X+ (AG) for estimating time spent in SB in 
older adults in free-living environments. ActivPAL3™ (AP) was used as the reference standard. 
Movement patterns were measured in 41 older adults over seven consecutive days with both AG 
and AP. The results suggested that different cut-points must be used in older adults. In the case of 
older adults when using 1-minute epochs, for example, 25 counts/minute must be considered when 
using the AG vertical axis only, or 200 counts/minute when using the three axes of the 
accelerometer.  
Study Two assessed the reliability and validity of a single question about sitting time on weekend 
and weekdays and a 24-hour recall (MARCA) for the last two days (n=41) that provides contextual 
information about use of time. The single question showed poor validity, but fair agreement for 
classifying individuals into tertiles. The MARCA showed good validity and moderate agreement for 
categorising participants into tertiles of time spent in SB. It is important to highlight that both 
instruments showed more accurate estimates for groups than for individuals. 
Study Three assessed MET values of common daily activities in middle age and older adults in 
free-living environments and compared these with MET values listed in the Compendium of 
Physical Activities (CPA). Sixty participants completed a semi-structured protocol of sitting, lying, 
self-paced walking and four self-selected activities in their residences. 20 different activities were 
measured among the participants, observing a wide range of movement patterns. Measured METs 
were significantly different from values in the CPA for several activities (sitting, walking, 
sweeping, trimming, and laundry). It was concluded that using values from the CPA in older adults 
may result in overestimation of total daily energy expenditure, particularly when considering that 
most of the day is spent in sedentary activities. 
  
Study Four assessed the validity of four different AG equations for predicting energy expenditure 
(EE) in older adults; and assessed agreement between physical activity levels obtained from these 
equations and from four sets of published AG equations, with those from indirect calorimetry. The 
equations (Freedson, Crouter (refined equation), and Santos-Lozano (vertical axis [VT] and vector-
magnitude [VM])) were compared with measured EE. 40 participants completed the study and 16 
different activities were assessed. It was concluded that when selecting an equation to estimate total 
daily EE from accelerometer data, equations with more accurate estimates of sedentary behaviour 
might be preferred. However, when the main interest is to estimate total time spent in different 
physical activity levels, a method with higher agreement for categorising activities may be 
preferred. 
Conclusion 
The work contained in this thesis will help researchers to 1) implement more accurate tools in the 
surveillance of PA and SB in larger studies, 2) better understand the strengths and limitations of 
current predictive methods when applying them in free-living environments, and 3) improve 
interpretation and translation of energy expenditure measures in older adults. 
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RESEARCH OVERVIEW 
 
CONTEXT 
Over the last decades, insufficient levels of physical activity (PA) have been widely 
described in the literature as an important modifiable risk factor for cardiovascular 
disease and premature mortality.1 In addition, more recently, there has been growing 
interest in understanding sedentary behaviour (SB) and its impact on health.2,3 SB is 
defined as waking behaviour characterized by an energy expenditure ≤1.5 METs 
while in a sitting or reclining posture.4 Therefore, special consideration must be taken 
in differentiating this term from “inactive”, which should be used only to describe 
insufficient amounts of MVPA (i.e., not meeting specified PA guidelines).4 
Population ageing is taking place in nearly all the countries of the world, as the 
number of older persons (aged 60 years or over) is expected to more than double, 
from 841 million people in 2013 to more than 2 billion in 2050.5 Furthermore, it is 
projected that the number of older adults will exceed the number of children for the 
first time in 2047.5 While people are living longer lives almost everywhere, the 
prevalence of non-communicable diseases and disability increase as populations age.5 
Similarly, studies have shown that both physical inactivity6,7 and sitting time8-10 
increase with age. In addition to the negative effects of physical inactivity,11 several 
studies have shown that SB is related to increased risk of cardiovascular disease, 
diabetes, mental health problems and some cancers, as well as premature all-cause, 
cancer and cardiovascular disease mortality.12-16 Therefore, promotion of strategies 
for reducing physical inactivity and sedentary behaviour levels plays a relevant role in 
this context, as strong evidence show the importance of developing and implementing 
programs for improving public health outcomes in communities.11,17 However, more 
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research is needed for improving surveillance methods as a starting point in many 
countries, for example, and particularly in older adults as little is known about their 
PA and SB patterns.  
Valid methods for measuring PA and SB are needed in order to better understand 
patterns of activity, and to evaluate the effects of health promotion and policy 
interventions.17 Among measurement methods, self-report and objective monitoring 
are commonly used in studies around the globe. In the case of self-report, it is 
acknowledged that tailored instruments are required, depending on participant 
features, for example age, as some activities may be more relevant in certain age 
groups, and cognitive development, which may affect recall accuracy.18 However, 
researchers suggest that tailoring may also be required for objective monitoring, 
because physical characteristics, behaviours and activity patterns19,20 may affect 
adherence to the measurement protocol, as well as interpretation of outputs.21  
Among objective measures, accelerometers and inclinometers are accurate for 
measuring PA levels and postures.22-24 Accelerometer output is commonly expressed 
in counts per unit of time, assuming that higher counts reflect more acceleration, and 
thus higher intensity movement. Unfortunately, every manufacturer uses different 
time units or algorithms to interpret these counts. For this reason, counts are often 
translated into a common output, such as energy expenditure (EE). In addition, recent 
studies have been using “raw acceleration” expressed in g in place of the activity 
counts to develop algorithms based on pattern recognition or machine learning. As a 
consequence, various algorithms for data processing and predictive equations for EE 
have been developed in recent years, each with their own strengths and 
limitations.19,20,25 Among the accelerometers, different models of ActiGraph (AG; 
Pensacola, FL, USA) have been widely used in large population studies, therefore, 
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several AG equations for predicting EE are available.26 However, valid methods for 
measuring sedentary behaviour and PA in specific age-groups, such as older adults, 
are still lacking.20 
 
Cut-points for interpreting AG accelerometer data have been developed using various 
equations and used in numerous large-scale studies. However, this approach has some 
limitations, as activities are defined in total counts in a predetermined time interval, 
which may only partially represent the activity under observation. For example, if a 
specific activity starts in the middle of the time interval after a resting period, the total 
counts may not represent the EE associated with this interval. Most methods are based 
on the assumptions that EE is relatively constant throughout the time interval, and that 
total counts and EE are linearly related. For this reason, in 2006 Crouter et al. 
developed a two-regression method for predicting EE, which included a logarithmic 
equation and an exponential equation for measuring lifestyle and locomotor activities 
(i.e. walking and running), respectively.27 These equations were refined in 2010 to 
address the issue of identifying activities that start or stop in the middle of a 1-min 
interval. The reviewed equations improved the level of misclassification of lifestyle 
and locomotor activities.28 However, classifying or identifying specific activities 
throughout the day is complex, particularly in older adults in free-living 
environments, when high intra-individual and inter-individual variability is 
observed.19,20 Therefore, predetermined cut-points or predictive equations may be 
open to error when estimating EE or time spent in different PA levels.  
 
Another important issue is the interpretation of zeroes in the accelerometer output 
when using the device for the measurement of SB, as accelerometers were developed 
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for the measurement of movement. However, standing still, sitting still and non-wear 
all result in zero counts in the accelerometer output. Therefore, interpreting zeroes 
resulting from standing still and non-wear as sedentary time would lead to an 
overestimation of SB.29 One solution is to measure posture rather than, or in addition 
to, movement. The ActivPAL3TM (AP, Pal Technologies Ltd, Glasgow, UK) uses an 
inclinometer to measure the angle of the thigh, and differentiates between sitting/lying 
(horizontal position of the leg), standing (vertical position of the leg) and walking 
(movement while standing). The AP has shown high accuracy when measuring 
posture and changes in posture.22 The accuracy of AP to measure intensity of activity, 
is however limited. Thus, to be able to accurately measure both sedentary time and 
physical activity, currently two devices are needed, which increases participant 
burden, researcher burden, and research costs. If the accuracy of interpretation of 
either the AG or AP output could be improved for the measurement of time spent in 
SB, PA levels and EE, only one device would be needed, which would reduce 
participant burden, researcher burden, and research costs. 
 
As mentioned before, data extracted from self-report and objective methods have to 
be translated to meaningful results. Most of these methods depend to some extent on 
the use of MET values. For example, some questionnaires and recall methods, such as 
the Active Australia Physical Activity Survey (AAPAS) and the computer-delivered 
Multimedia Activity recall for children and adolescents (MARCA), rely on estimated 
MET values obtained from the compendium of PA30 to classify an individual as 
active. Attempts to translate counts from accelerometers to total EE are based on 
these reference values as well. These MET values were obtained from younger adults 
and usually are extrapolated to other age groups, such as older adults. However, some 
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studies suggest that these extrapolated estimates are unreliable, due to the higher 
metabolic cost of physical activities in older age groups.31 Measuring specific MET 
values of common daily activities in this age group will allow more accurate 
estimations of total EE for both self-report and objective methods. For advancing the 
field of energy expenditure measurement in older adults, a number of 
recommendations have been suggested, but little research has been done.32 Most of 
these recommendations will be addressed in this thesis research, including aspects 
such as: 1) include sufficient number of older adults, 2) evaluate potential age-related 
differences in metabolic costs under standard conditions, 3) compare energy 
expenditure data (e.g. RMR, METs, VO2) across groups (demographic, biometric, 
health status), 4) harmonise measures, 5) measure activities that are common among 
older adults, 6) examine free-living activities, and 7) estimate oxygen consumption, in 
order to estimate the relative intensity of common activities in older adults.32 
This summary of issues relating to the measurement of PA and SB in older people 
suggests that there are several challenges for researchers. In this thesis, some of these 
challenges, including those related to cut-points, predictive equations for assessing 
EE, the validity and reliability of selected self-report and objective measures and 
measurement of EE in daily activities, will be examined. This thesis work attempts to 
fill some of the gaps in PA and SB measurement in older adults as, to date, there has 
been relatively little research in this area with people in this age group.   
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OVERALL AIM: 
• To critically examine issues relating to the self-report and objective 
measurement of sedentary behaviour and physical activity in older adults. 
 
SPECIFIC OBJECTIVES: 
This thesis will include 4 studies with the following objectives: 
1. To determine the optimal ActiGraph GT3X+ cut-point for measuring 
sedentary behaviour in older adults in free-living environments. 
2. To determine the reliability and validity of a single question and a computer-
delivered use-of-time instrument for measuring time spent in sedentary 
behaviour in older adults.  
3. To determine MET values for a range of household and gardening activities in 
older adults in free-living environments. 
4. To determine the validity of four ActiGraph equations for predicting energy 
expenditure in older adults. 
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SIGNIFICANCE OF THIS RESEARCH 
By critically examining, developing and validating more accurate methods for 
measuring physical activity (PA) and sedentary behaviour (SB) in older adults in free-
living environments, this research will contribute to 1) greater accuracy in the 
surveillance of SB and PA in large scale studies, 2) improved understanding of levels 
and patterns of PA in this age group, and their determinants, 3) improved 
understanding of the dose-response relationship between physical activity and health 
outcomes and 4) improved methods for evaluating the effects of interventions. 
It is acknowledged that few instruments or methods have sufficient sensitivity for 
detecting changes in PA and SB levels, as measurement error is relatively high, 
reflecting the high inter-individual and intra-individual variability of activity patterns. 
This point is particularly important when conducting intervention studies, as some 
studies may or may not show changes over time, but interpretation of results is highly 
influenced by the intrinsic properties of the measurement instrument. This aspect will 
be addressed throughout this thesis.  
Finally, by developing methods for measuring PA and SB in older adults, researchers, 
policy makers and epidemiologists might eventually have access to better 
epidemiological evidence on which to base tailored recommendations on PA and SB 
for older people. 
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Study one: 
ActiGraph GT3X+ cut-points for identifying 
sedentary behaviour in older adults in free-
living environments 
Nicolás Aguilar-Farías 1, Wendy J Brown 1, GMEE (Geeske) Peeters 1, 2 
1The University of Queensland, School of Human Movement Studies, Brisbane, Australia 
2 The University of Queensland, School of Population Health, Brisbane, Australia 
 
Published in: Journal of Science and Medicine in Sport 2014; 17(3): 293-299. 
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ABSTRACT 
ActiGraph GT3X+ cut-points for identifying sedentary 
behaviour in older adults in free-living environments 
Nicolás Aguilar-Farías, Wendy J Brown, GMEE (Geeske) Peeters 
Objective: The purpose of this study was to examine cut-points for ActiGraph 
GT3X+ (AG) for estimating time spent in SB in older adults in free-living 
environments. ActivPAL3™ (AP) was used as the reference standard.  
Design: Cross-sectional study. 
Methods: 37 participants (13 male and 24 female, 73.5±7.3 yr old) wore an AG and 
an AP for 7 consecutive days.  For AP, 3 dichotomous variables were created based 
on posture: sitting/lying; standing; and a combination of sitting/lying/standing. For 
AG, sedentary time was defined as 1) vector magnitude (VM) and 2) vertical axis 
(VT) counts/15-sec below 21 different cut-points including 0 and <5, <10, etc., to 
<100. For each of the AG cut-points, area under the receiver operating characteristic 
curve (AUC), sensitivity, specificity, and percentage correctly classified were 
calculated. Bias and 95% limits of agreement were calculated using the Bland-Altman 
method.  
Results: The highest AUCs were obtained for the cut-points VM<70 (AUC=0.785) 
and VT<10 (AUC=0.747). Mean biases for VM<70 and VT<10 were 0.8 and -4.29 
minutes/day, respectively. The 95% limits of agreement for these cut-points were ±2 
hrs. 
Conclusions: The results suggest VM <70 counts/15-second and VT <10 counts/15-
second provide the most accurate estimates of SB from the ActiGraph GT3X+, in 
older people in free-living environments, compared with AP. Limitations regarding 
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individual variability and misclassification of standing activity as sitting/lying must 
be considered. 
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INTRODUCTION 
In addition to the well documented benefits of physical activity (PA) for health,33 
there is growing evidence that sedentary behaviour (SB), defined as energy 
expenditure between 1 and 1.5 METs while sitting or lying, is related to increased risk 
of cardiovascular disease, diabetes, mental health problems and some cancers, as well 
as premature all-cause, cancer and cardiovascular disease mortality.3,13,15 
 
Accelerometry has been shown to be a reliable method for assessing both PA and SB, 
with various cut-points used for analysing the data.13,24 These cut-points may, 
however vary depending on the manufacturer, type of accelerometer, and wearing 
location.34 In addition, there is evidence that the optimal cut-points and prediction 
equations may vary for different age groups, due to dissimilar activity patterns, 
mechanical efficiency and the contrasting nature of movements at different life 
stages.19,20,35 Although recommendations for data cleaning and handling have recently 
been published and new methods are in development,24 evidence on specific methods 
for measuring SB in older adults is limited. 
 
Most evidence relating to cut-points has been based on the ActiGraph GT1M 
(ActiGraph LLC, Fort Walton Beach, FL) which is a biaxial accelerometer, usually 
used to measure acceleration in the vertical axis (VT). However, in recent years the 
manufacturer has developed a triaxial version, the ActiGraph GT3X+ (ActiGraph 
LLC, Fort Walton Beach, FL), which provides measures of acceleration in three axes, 
with a composite measure called vector magnitude (VM =√(x2+y2+z2). Recent 
evidence suggests that different generations of ActiGraphs (GT1M, GT3X, GT3X+) 
are comparable when using VT as the measure for defining cut-points.36,37  However, 
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differences  between VT and VM,  make inter-instrument cut-point comparisons 
questionable, especially as counts and cut-points are not  equivalent for the vertical 
axis and vector magnitude of tri-axial accelerometers.38  
 
Because of its high level of accuracy in differentiating between sitting/lying, standing 
and walking activity, the ActivPAL3™ (Pal Technologies Ltd, Glasgow, UK) is 
commonly used as a reference standard for measuring sedentary activities.39 It has 
been shown to be more precise, and more sensitive to measuring reductions in sitting 
time, than the ActiGraph GT3X+.22,40 It does not however accurately measure PA. 
The use of a single instrument would be advantageous in terms of reducing the burden 
on participants, as well as for improving cost and time-effectiveness for researchers.  
 
The purpose of this study was therefore to determine the optimal cut-point for 
ActiGraph GT3X+ counts for estimating time spent in SB in older adults in free-
living environments. Cut-points per 15-second epochs were examined both for the 
vertical axis and vector magnitude. Sitting/lying activity as measured with 
ActivPAL3™ was used as the reference standard.  
 
METHODS 
Participants were community-dwelling adults (aged ≥65 years) living in Brisbane, 
Australia. They were recruited using a range of strategies including flyers displayed at 
senior centres and exercise centres, and emails to university staff. Eligibility criteria 
included being 65 years or older, able to walk without assistance from another person, 
lack of severe memory problems, and living in the greater Brisbane area, Australia. 
Data from 41 participants were collected between July 2011 and April 2012. All 
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participants signed a written informed consent. The study protocol was approved by 
the Behavioural & Social Sciences Ethical Review Committee of the University of 
Queensland, Australia.  
 
Each participant was visited twice. The first visit comprised a brief interviewer-
administered questionnaire, and explanation of the use of accelerometers and 
logbook. Each participant was fitted with both an ActivPAL3TM and ActiGraph 
GT3X+ and was given oral and written instructions on how to wear the 
accelerometers and keep the logbook for the following 7 days. On the eighth day after 
the first visit, a second home visit took place, during which the accelerometers and 
logbook were collected. 
 
The ActiGraph GT3X+ (AG; ActiGraph, Pensacola, FL) is able to assess acceleration 
in the vertical, antero-posterior and medio-lateral axes. It is a reliable instrument with 
high inter-instrument reliability (0.97 ICC; p<0.001) and intra-instrument reliability 
within frequencies that are common in human activities.23 This device has been 
widely used in research, with good validity for measuring PA levels.38 The AG was 
attached to an elastic waist belt in line with the axillary line of the right iliac crest. 
Participants were asked to wear the accelerometer from the moment they woke up 
until they went to bed at night, and requested to remove it only during water-based 
activities such as showering and swimming. 
 
The ActivPAL3™ (AP; Pal Technologies Ltd, Glasgow, UK) monitor provides a 
reliable method for differentiating between static and dynamic activities, with an 
accuracy of 98%39 and mean percentage bias of 0.19% for time spent in SB, 
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compared with direct observation.41 The AP was worn on the middle-anterior line of 
the right thigh. The device was sealed with a nitrile finger cot and attached to the skin 
with a transparent film (Tegaderm™ Roll, 3M™) in order to provide a waterproof 
barrier. This allowed it to be worn continuously for 24 hours a day for 7 days, without 
having to remove it for water-based activities or sleeping.   
 
Participants were asked to record waking/sleeping hours and accelerometer wear time 
in a logbook. They were asked to record timings and reasons for every occasion the 
AG or AP was removed from the indicated position. 
 
All equipment was initialized and downloaded on the same computer in order to 
ensure time and date matching. AGs were initialized using a sample rate of 30 Hertz 
and then downloaded using the low filter extension option in Actilife5 Software 
v5.7.4 (ActiGraph, Pensacola, FL). For every AG, a compliance and control quality 
check was performed once data were downloaded. Non-wear-time was filtered from 
the raw data using a semi-automated algorithm, based on ≥90 minutes of consecutive 
vector-magnitude (VM) counts per minute equal to zero, without allowing for 
interruptions.42 A filter on the AG’s VT was applied in order to identify spurious data 
(counts over 15000).35 Log-book data were used to check the accuracy of the wear-
time algorithm and include only waking hours. After this, manual corrections to the 
filtered wear time were not necessary in this data set.  
 
Data were included in the analyses if participants had at least 10 hours of AG wear 
time on any 5 days of the week.43 Each 15-second epoch was classified as sedentary 
time if VM and VT counts (tested separately) were below the cut-point. The 21 cut-
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points tested ranged from 0 to 100 in increments of 5 counts/15-second epoch. This 
epoch was selected because longer epochs (which may or may not overlap shorter 
bouts of activity) are more likely to misclassify activity, particularly in free-living 
environments when activities are highly variable.19,24 Furthermore, cut-points 
obtained from 15-second epochs cannot be translated to 1-minute epochs, or vice 
versa, as cut-points are estimated for a determined interval and statistical properties 
are exclusive for the pre-determined unit of analysis. 
 
The APs were initialized and data were downloaded using ActivPal™ Professional 
Software, v6.1.2 Research Edition (Pal Technologies Ltd, 2010). Because no non-
wear time was observed for the AP, the AP recordings were matched with those of the 
filtered wear time AG data. Three dichotomous variables (yes/no) were created to 
indicate whether participants were sitting/lying, standing (i.e. upright but not 
walking), and sitting/lying or standing for each 15-second epoch.  
 
Sample characteristics were derived from the questionnaire which included questions 
about date of birth, type of residence (house/flat, retirement village, hostel, nursing 
home, other), living situation (alone, with partner, with others), and self-rated health 
(poor, fair, good, very good, excellent). Height and weight were measured using a 
floor scale (Model 762, seca GmbH & Co. KG., Germany) and a stadiometer (Model 
217, seca GmbH & Co. KG. Germany) and used to calculate body mass index 
(BMI=kg/m2). 
 
To describe the study sample, means and standard deviations were presented for near-
normally distributed continuous variables, and percentages for categorical variables. 
CHAPTER	ONE	|	Cut-points	for	identifying	sedentary	behaviour		
	 	 	 36 	
To explore the accuracy of each cut-point for defining SB based on AG data, every 
epoch of AG data was compared against concurrent AP data. AP data were used to 
derive time spent (1) sitting/lying, (2) standing, and (3) sitting/lying/standing for each 
15-second epoch. Sensitivity, specificity, area under the receiver operating 
characteristic curve (AUC) and percentage correctly classified were calculated, using 
time spent sitting/lying from the AP as the reference. Also, bias and limits of 
agreement (LoA) for the AG compared with the AP (sitting/lying) were calculated 
using the Bland-Altman method. A positive bias indicates overestimation of total time 
spent as measured by AG compared with AP, and a negative bias indicates 
underestimation. Positive predictive value (PPV) was calculated to estimate the 
proportion of all sedentary epochs (according to AG) confirmed by AP as being 
sedentary. Negative predictive value (NPV) was calculated to estimate the proportion 
of all non-sedentary epochs (according to AG) confirmed by AP as being non-
sedentary. To estimate misclassification of sedentary time as standing, post hoc 
analyses were done for the cut-point with the highest accuracy, but with the reference 
standard defined as either standing or sitting/lying/standing according to the AP. The 
level of significance was set at p<0.05. All data cleaning and statistical analyses were 
completed using Stata, version 11.1 (StataCorp. College Station, TX, USA). 
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RESULTS 
Data from four participants could not be included in the analyses due to 
malfunctioning of the AP (n=3) and abnormal results from wearing the monitor 
upside-down (n=1). No malfunctioning or spurious data were observed for the AGs. 
Therefore, data from 37 of the 41 participants were included in the analysis (13 male, 
24 female). In this sample, the mean age was 73.5 ± 7.3 years and the mean BMI was 
25.8 ± 4.5 kg/m2. In total, participants contributed a total of 232,552 minutes of valid 
data. Average total time per day spent in SB was 583.1 min/day (SD=155.0), standing 
250.7 min/day (SD=96.5), and stepping 104.2 min/day (SD=40.1) as measured by the 
AP. In this sample, 46% of participants lived alone, 48.6% with partner and 5.4% 
with others. More than three quarters of the participants lived in a house/flat and 
21.6% in a retirement village. Self-rated health in this sample was categorised as: 
poor (5.4%), fair (8.1%), good (18.9%), very good (46.0%) or excellent (21.6%).  
The main findings for the cut-points with the highest AUC and lowest mean bias are 
summarized in Table 1. For the VM, the highest AUC and lowest mean bias were 
found for the cut-points <1 count/1-second, <70 counts/15-seconds, and <200 
counts/minute. Results for other cut-points are included as supplementary material 
(online only). Mean difference and LoA for the estimates using these cut points are 
shown in Figure 1. The PPV and NPV were dependent on the proportion of time spent 
in SB, which in this sample, was 62%. For the <1 count/second cut-point, PPV was 
0.86 and NPV was 0.77. Values for other proportions of SB are presented in Figure 
2A. 
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For VT, the highest AUC and lowest mean bias were found for the cut-points <1 
count/second, <10 counts/15-seconds and <25 counts/minute (Table 1). The mean 
bias and 95% LoA for these cut-points are shown in Figure 1B.  With 62% of the day 
in SB, PPV was 0.78 and NPV was 0.71 for this <1 count/second cut-point (Figure 
2B). 
 
When sensitivity analyses were done using AP-measured standing as the reference 
standard, accuracy was poor across the full range of cut-points examined (data not 
shown).  Using cut-points of VM<1 and VT<1, AUC (0.50 and 0.53, respectively) 
and percentage correctly classified were poor (33.9% and 35.6%, respectively). In 
contrast, when the reference standard was AP-measured sitting/lying/standing, the 
AUC for both VM<1 and VT<1was higher than that observed for detecting SB only 
(Table 1). Similar results were observed for both VT and VM cut-points using 15-
second and 1-minute epochs (Table 1).  
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Figure 1. Bland-Altman plot of the mean bias and 95% limits of agreement for total time spent in 
sedentary behaviour determined by the ActiGraph GT3X+ (AG) compared with ActivPAL3™ (AP). 
The results for the vector magnitude are presented in the left hand panels: <1 count/second (A), <70 
counts/15 seconds (C), and <200 counts/minute (E). The results for the vertical axes are presented in 
the right hand panels: <1 count/second (B), <10 counts/15-second (D), and <25 counts/minute (F). 
Solid line indicates mean difference; dashed lines indicate the 95% limits of agreement. N=37. 
Abbreviations: SB= sedentary behaviour; SD= standard deviation; VM= vector magnitude; VT= 
vertical axis. 
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Figure 2. Distribution of positive predictive value (PPV) and negative predictive value (NPV) for 
ActiGraph GT3X+ VM <1 counts/second cut-point (A) and VT <1 counts/second cut-point (B) as a 
function of proportion in daily time in SB. Sensitivity and specificity are constant as these are intrinsic 
properties of the selected cut-point. Vertical dashed line indicates the average proportion of total daily 
time spent in sedentary behaviour (sitting/lying) in this sample. Abbreviations: PPV= positive 
predictive value; NPV= negative predictive value; SB= sedentary behaviour; SENS= sensitivity; 
SPEC= specificity.  
 
CHAPTER	ONE	|	Cut-points	for	identifying	sedentary	behaviour		
	 	  42		
DISCUSSION 
To our knowledge, this is the first study to explore cut-points for the ActiGraph 
GT3X+ for measuring time spent in SB among older adults in free living 
environments. Using ActivPAL3™ as the reference standard, the results for the VM 
showed that cut-points of <1 count/second, <70 counts/15-seconds and <200 
counts/minute provided the most accurate estimation of sitting/lying activity in older 
adults. When only the counts from the vertical axis were used, cut-points of <1 
count/second, <10 counts/15-seconds and <25 counts/minute resulted in the most 
accurate estimates. 
As with previous studies in older adults,44,45 the sample was relatively small (n=37). 
However, we were able to recruit participants with a wide spectrum of sedentary 
times (range 267 to 1015 min/day) and the mean sedentary time (583.1 min/day, SD= 
155.0) was comparable with estimates in other studies.9,44 A strength of our study was 
that SB was measured in free-living environments. The down-side of this was that 
direct observation was not possible, due to the duration of the observation period. We 
therefore used the next-best available option, the AP, which has the advantage of 
being less likely to affect participants' behaviours. Other strengths of our study were 
the inclusion of 7 consecutive days of monitoring, the high level of participant 
compliance, and data analysis in the lower-resolution 1-second and 15-second epochs, 
as well as in the commonly used 1-minute epochs.   
 
In line with a previous study, the current results showed that different cut-points 
should be used for the vertical axis and for vector magnitude.38  For both VT and VM, 
even the most accurate cut-points showed wide limits of agreement (approximately ±2 
hours/day), suggesting great inter-individual variation in accuracy. These findings 
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indicate that although this approach results in accurate group level estimates of SB, it 
may not result in accurate individual level estimates.  
Our findings showed that higher cut-points result in higher sensitivity, but lower 
specificity for both VM and VT (Supplementary material). As standing still results in 
low accelerometer counts, misclassification of standing as sedentary time may occur 
when using higher cut-points.29  The sensitivity analysis examining the ability of these 
cut-points to classify standing time showed poor results for both the VM and VT cut-
points (AUC close to 0.50). These results indicate that detection of standing is no 
better than chance. In contrast, when the AG was compared with 
sitting/lying/standing, the VM <1/1-second cut-point had a higher AUC (0.82 vs. 
0.73) and percentage correctly classified (89.25% vs. 76.41%) than observed for 
sitting/lying as measured with AP, but with a markedly higher mean bias (-199.69 
minutes/day). Similar results were found for other cut-points based on 15-seconds and 
1-minute epochs. These findings suggest that the cut-points result in some 
misclassification of standing as sitting/lying, and thus estimation bias of time spent in 
SB.   
 
It is important to note that cut-points are designed and assessed to be used in a 
specific epoch. As the relationship between the epoch increment and cut-point for 
identifying SB is not linear (Table 1), cut-points cannot be added in order to convert 
and use them in smaller or larger epochs, as this would lead to considerable error in 
total estimates. We have provided different cut-points for different epochs to allow 
researchers to analyse data previously collected using AG GT1M or GT3X with 
different epoch lengths.  
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Cut-points in accelerometry have been shown to be a useful and practical method for 
assessing data, especially in large sample studies.13 However, this method is not free 
of methodological limitations, which may lead to inaccurate interpretations of data.46 
Numerous cut-points for different populations and instruments have been used, but 
little attention has been given to the inter-individual variations in accuracy of the 
estimations (e.g. limits of agreement). For example, in our analysis when using 
VM<70 counts/15-seconds the mean difference between sedentary time as measured 
with AG and AP was minimal (0.8 minutes/day or 0.01%), but the LoA were wide, 
with 95% of the individual estimates ranging from -2 to +2 hours per day (Figure 1). 
Similarly wide LoA have been described in samples of children and adults, 
respectively.25,29 This inaccuracy at the individual level supports the need for 
alternative methods of processing AG data.  The use of artificial neural networks, as 
described by Matthews et al. and Bassett et al,24,47 has shown promising results in 
other populations.48 The main challenge for researchers is to improve validity across a 
range of populations, and increase the feasibility of methods for application in large-
scale studies. Until new methods are widely available, researchers will have to rely on 
analysing data using cut-points. 
The calculation of PPV and NPV for SB provides insight into the applicability of the 
cut-points in various populations. As observed in Figure 2, these probabilities are 
directly related to the proportion of daily time spent in SB. For example, given a 
certain cut-point, the PPV increases and NPV decreases with higher proportions of 
time spent in sitting/lying activity. These findings may partially explain the difference 
in estimates of time spent in sedentary behaviour when the same cut-point is applied 
in different age groups.  
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CONCLUSION 
Choice of cut-points depends on epoch lengths and axes. Cut-points for a given epoch 
length cannot simply be extrapolated to other epoch lengths. When using the 
ActiGraph GT3X+ to measure time spent in SB in older adults, cut-points for the 
vector magnitude of <1 count/second, <70 counts/15-second, <200 counts/minute and 
for the vertical axis of <1 count/second, <10 counts/15-second, <25 counts/minute 
seemed most accurate compared with the ActivPAL3™. However, when using these 
cut-points, some standing time may be misclassified as sitting/lying activity, resulting 
in inaccurate estimates of sedentary time.  
 
PRACTICAL IMPLICATIONS 
• ActiGraph GT3X+ cut-points for the vector magnitude <1 count/second, <70 
counts/15-second, <200 counts/minute and for the vertical axis of <1 
count/second, <10 counts/15-second, <25 counts/minute provide the highest 
accuracy for determining SB in older adults.  
• When using cut-points to estimate sedentary time from ActiGraph data, 
inaccuracies may occur due to misclassification of standing activity. 
• Although estimates of sedentary time seem accurate at the group level, 
individual values must be interpreted with care. 
ACKNOWLEDGMENTS 
The authors would like to thank the participants for the time and effort given to this 
study and Robert Hill for his research assistance. The work was funded by a 
University of Queensland Early Career Researcher Grant (ECR16; ID 2010002155) 
and a National Health and Medical Research Council Program grant (ID569940). 
Conflict of interest: none	
	46		
 
 
CHAPTER TWO 
 
 
Study two:  
Validity of self-report methods for measuring 
sedentary behaviour in older adults 
Nicolás Aguilar-Farías1, Wendy J Brown1, Timothy S Olds2, G.M.E.E. (Geeske) Peeters 1, 3 
1The University of Queensland, School of Human Movement Studies, Brisbane, Australia 
2The University of South Australia, Health and Use of Time (HUT) Group, Adelaide, Australia 
3 The University of Queensland, School of Population Health, Brisbane, Australia 
 
Published in: Journal of Science and Medicine in Sport 2014 In Press 
doi: http://dx.doi.org/10.1016/j.jsams.2014.08.004 
 
 
Keywords: MARCA; questionnaires; time use; ActivPAL 
  
CHAPTER	TWO	|	Self-report	methods	for	measuring	sedentary	behaviour		
	 	  47		
CHAPTER	TWO	|	Self-report	methods	for	measuring	sedentary	behaviour		
	 	  48		
ABSTRACT 
Validity of self-report methods for measuring sedentary 
behaviour in older adults 
Nicolás Aguilar-Farías, Wendy J Brown, Timothy S Olds, G.M.E.E. (Geeske) Peeters 
 
BACKGROUND: Prolonged time spent in sedentary behaviour (SB) is associated 
with a range of negative health outcomes, but little is known about the validity of self-
report methods for measuring SB in older adults. Thus, the aim was to assess the 
reliability and validity of two instruments for measuring SB in older adults. 
METHODS: 41 community-dwelling older adults (14/27 male/female, 74.5±7.6 
years) wore an ActivPAL3TM (AP) for 7 consecutive days, then completed (1) a single 
question (SQ) to assess sitting time on a usual weekday, weekend day and yesterday 
(i.e. the last day of monitoring), and (2) a computer-delivered 24-hour recall 
(MARCA) for the last two days. Intraclass correlation (ICC) and standard error of 
measurement (SEM) were used to assess test-retest reliability; validity was examined 
using Spearman’s correlation, mean bias and limits of agreement, and kappa for 
classifying tertiles of time in SB, with AP as the reference standard. 
RESULTS: For the SQ, the ICC ranged from 0.64-0.79, with SEM 1.03-1.42 h/day. 
ICC for the MARCA ranged from 0.72-0.96, with SEM 0.47-1.18 h/day. The SQ 
showed modest correlation with AP (r= 0.13-0.33), with mean biases of about -3.5 
h/day. The MARCA showed moderate correlation with AP (r= 0.49-0.67), with mean 
biases of about 1.4 h/day. When categorised into tertiles, agreement was significant 
but fair for the SQ, and moderate for the MARCA.   
CONCLUSION: Both measures have acceptable reliability, but the MARCA 
provides more valid estimates of SB than the SQ, which underestimates SB in this 
group of older adults.  
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INTRODUCTION 
Recent studies have shown that time spent in sedentary behaviour (SB) (defined as 
activities during waking hours with energy expenditure <1.5 METs while sitting or 
lying down4)  is associated with a range of negative health outcomes, even if 
individuals meet the physical activity (PA) guidelines.13,49,50	Although many working-
age adults spend at least 50% of their daily time sitting or lying down,51 little is 
known about the distribution, types and context of SB in older adults. 
Although objective measures (such as accelerometry) provide more reliable and valid 
estimates of both PA and SB, self-report measures are more practical and provide 
different insights, especially for large-scale studies.52 For example, they may provide 
contextual information about use of time,52 which is useful for informing the 
development of intervention strategies. Questionnaires are the most commonly used 
tools for assessing PA in large-scale population studies, and the measurement 
properties of several ‘past day’ and ‘last-week’ recall methods have been reported.53-
55 However, little is known about the validity and reliability of self-report methods for 
assessing SB, especially in older adults.  
Two methods were considered for this study. The first was a single question about 
sitting time on week and weekend days The question is similar in terms of structure 
and intrinsic properties to the sitting time question used in the International Physical 
Activity Questionnaire (IPAQ),56,57 which has shown good reliability (Spearman’s 
correlation of 0.77 and 0.85 for weekday and weekend-day sitting time, respectively) 
and moderate validity against ActiGraph (CSA model 7164; Pensacola, FL) 
(Spearman’s correlation=0.38) for total sitting time in adults.58 In another adult 
sample, a single-item question for estimating total time spent in SB per day showed 
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moderate reliability and correlation when compared with accelerometry (ActiGraph 
Model GT1M; Pensacola, FL).59 However, a qualitative study has shown that older 
adults have difficulty answering these types of questions, and validation of this sitting 
question in an older population is needed.18 
The second instrument was the adult version of the Multimedia Activity Recall for 
Children and Adolescents (MARCA).60 This instrument was initially designed to 
measure the timing, duration, intensity and type of activities throughout the day in 
children and adolescents 53,61 and later adapted for use in adults.60 Compared with 
generic questionnaires, the MARCA collects higher resolution data on time of day, 
patterns and contexts of activities, and provides accurate estimates of total daily 
energy expenditure.60 A recent study reported very high reliability (ICCs >0.99) for 
moderate to vigorous physical activity (MVPA) and PA level and moderate validity 
compared with accelerometry (ActiGraph Model AM7164, Pensacola, FL) in 
octogenarians.62 The measurement properties of the MARCA have not yet been tested 
for determining total time spent in SB in older adults. 
The aim was to compare the reliability and validity of two self-report instruments, a 
single question and a 24-hour recall instrument, for determining time spent in SB in 
older adults. Time spent in SB as measured by ActivPAL3TM (AP) was used as the 
reference standard. 
METHODS 
Participants in ‘The Time of Your Life’ study were community-dwelling older adults 
living in Brisbane, Australia. Participants were recruited using flyers displayed at 
organizations with large numbers of older adult members, including bridge clubs, 
senior centres, and exercise centres. Eligibility criteria included being 65 years or 
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older, able to walk (with or without assistive devices but not requiring assistance from 
another person), ability to sign informed consent, and living in the greater Brisbane 
area, Australia. All participants gave written informed consent. The study protocol 
was approved by the Behavioural & Social Sciences Ethical Review Committee of the 
University of Queensland, Australia.  
Participants were visited twice. The first visit included a brief interviewer-
administered questionnaire asking about demographic information and health status. 
Each participant was fitted with an ActivPAL 3TM (AP) and was given oral and 
written instructions on how to wear it, but information about the type of behaviour 
(i.e. sedentary behaviour) we were trying to record was not provided.  They were also 
asked to complete a logbook for the following 7 days with details of waking/sleeping 
hours and the times and reasons for every occasion the AP was removed from the 
indicated position. Participants were asked to continue with their normal activities 
during the 7-day measurement period. After three days, participants were contacted 
by phone to check monitor wear and address any related issues.  
The ActivPAL3™ (AP; Pal Technologies Ltd, Glasgow, UK) differentiates between 
static and dynamic activities, with an accuracy of 98% 39 and mean percentage bias of 
0.19% for time spent in SB, compared with direct observation41. The AP was worn on 
the middle-anterior line of the right thigh. The device was sealed with a nitrile finger 
cot and attached to the skin with a transparent film (Tegaderm™ Roll, 3M™) in order 
to provide a waterproof barrier. This allowed it to be worn continuously for 24 hours 
a day for 7 days, without having to remove it for water-based activities or sleeping. 
On the eighth day after the first visit, a second home visit took place, during which 
the AP and logbook were collected. A second questionnaire was completed which 
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included the single question (SQ): How many hours each day do you typically spend 
sitting down while doing things like visiting friends, driving, reading, watching 
television, or working at a desk or computer on a) an usual weekday, b) usual 
weekend day, and c) yesterday?.  
For the MARCA, participants first described their activities for ‘yesterday’ and then 
for ‘the-day-before-yesterday’. The adult MARCA allows the respondents to recall 
activities in blocks of 5 minutes, guided by a list of more than 500 activities in a menu 
of different domains (inactivity, transport, sport/recreation, occupation, self-care, 
home activities, and other). Data were entered directly into the software. 
Approximately 0.5-1 h after the first assessment, the SQ and the MARCA were 
repeated to examine test-retest reliability. Between the first assessment and retest, 
participants completed a series of performance tests and questions about Locus of 
Control (data not reported here). 
Sample characteristics were derived from the questionnaire which included questions 
about date of birth, type of residence, living situation, and self-rated health 
(categorised as presented in Table 1). Height and weight were measured and used to 
calculate body mass index (BMI=kg/m2). 
The APs were initialized and data were downloaded using ActivPal™ Professional 
Software, v6.1.2 Research Edition (Pal Technologies Ltd, 2010). Data were included 
in the analyses if participants had at least 10 hours of wear time on any 5 days of the 
week. Estimates of time spent in SB were derived from the event file, which includes 
time intervals per day in seconds, and defined as all waking hours spent in 
sitting/lying postures. A semi-automated filter was used to ensure that merged data 
from the log-books and AP only included waking hours and wear time. 
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Total estimates in hours from the SQ were extracted directly from forms for weekday, 
weekend day and yesterday. Total time spent in SB for an average day was calculated 
as: (5*weekday time + 2*weekend day time)/756. SB estimates from SQ were 
compared with AP using matched days. 
For MARCA, sedentary activities were identified based on the software’s postural 
description and the energy cost derived for each activity. Total time in minutes was 
extracted individually for each day, and mean time in SB over the last two monitored 
days was calculated. Comparisons between the MARCA and AP were made using 
matched days. 
To describe the study sample, means and standard deviations are presented for 
continuous variables, and percentages for categorical variables. To assess test-retest 
reliability of the SQ and MARCA, intraclass correlation (ICC) and standard error of 
measurement (SEM) were calculated. Concurrent validity of the two methods was 
examined with Spearman’s correlation, mean bias and 95% limits of agreement 
(LoA), with AP as the reference standard. Participants were categorised into tertiles 
based on their time spent in SB. Percent agreement and the Kappa statistic were used 
to determine the agreement between the categorised self-report instruments and AP. 
The level of significance was set at p<0.05. Data cleaning and statistical analyses 
were completed using Stata, version 11.1 (StataCorp. College Station, TX, USA). 
RESULTS 
The average age of the 41 participants was 74.5 years (SD=7.6, range 65 to 93 years); 
two thirds were female and half lived alone (Table 1). Only 19.5% rated their health 
as poor or fair, and 14.6% had difficulties managing on their income all or some of 
the time. Data from four participants could not be included due to malfunctioning 
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(n=3) or incorrect placement (n=1) of the AP. For the SQ, all except one participant 
(who was ill) completed the protocol and 33 participants completed the protocol for 
the MARCA. More details of the participants’ characteristics are shown in Table 1. 
Average total daily SB time was 9.60 h/day (SD=1.66, range= 4.87 to 12.02 h/day) as 
measured by the AP.   
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Table 1. Demographic characteristics of the total sample and those who provided valid data  
for the ActivPAL3TM, the single question and the MARCA. 
Variable Total sample ActivPAL3TM 
Single 
question 
MARCA 
N  41 37 40 33 
Age (mean, SD) years 74.47 (7.65) 73.50 (7.33) 74.17 (7.49) 73.95 (7.55) 
Sex (% male) 34.15 35.14 35.00 36.36 
BMI (mean, SD) kg.m-2 26.18 (4.55) 25.82 (4.49) 25.96 (4.39) 25.71 (4.47) 
Marital status (% married/de facto) 46.34 48.65 47.50 48.48 
Type of residence (% retirement village) 26.83 21.62 25.00 24.24 
Level of education (%)     
No formal qualifications after school 19.51 10.81 17.50 18.18 
Certificate, apprenticeship or diploma 34.15 37.84 35.00 36.36 
University degree or higher 46.34 51.35 37.50 45.45 
Manage on income (% no difficulty) 85.36 89.19 85.00 81.81 
Self-rated health (%)     
Poor/fair 14.64 18.92 15.00 9.09 
Good 21.95 18.92 20.00 33.33 
Very good/ excellent 63.41 67.57 65.00 66.66 
Hours per day spent in SB      
 Average day 
Mean - 9.60* 6.16† 11.42 
SD - 1.66 2.35 1.99 
Range - 4.87-12.02 2-12 8.54-14.29 
 Weekday 
Mean - 9.55 6.19  
SD - 1.64 2.41 NA 
Range - 5.05-12.18 2-12  
 
 
Weekend 
Mean - 9.68 6.09   
SD - 1.96 2.35 NA 
Range - 4.44-12.90 2-12  
BMI: Body mass index; MARCA: Adult version of the Multimedia Activity Recall for Children and Adolescents; N: number 
of participants; NA: not applicable as MARCA recalled only two weekdays SD: standard deviation; SB: sedentary behaviour. 
*no difference between weekday and weekend day for ActivPAL (p=0.49); † no difference between weekday and weekend 
day for single question (p=0.54) 
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For the SQ on a weekday, weekend day, average day and the last day, the ICCs 
ranged from 0.64 to 0.79, with SEMs ranging from 1.03 to 1.42 h/day (Table 2). The 
SQ showed modest correlation with AP (r=0.13 to 0.33). Mean bias ranged from -
3.66 to -3.30 h/day with wide LoA (Figure 1). When classifying the SQ and AP data 
into tertiles, agreement was significant for both average and weekdays (Table 2). 
 
Table 2. Reliability, validity and agreement of the single question and MARCA for estimating 
total time spent in sedentary behaviour in older adults. 
Measurement Reliability  Validity  Agreement 
 N Intraclass 
correlation 
SEM 
(hours) 
 N Spearman’s 
correlation 
 3-tertile 
agreement 
(%) 
Kappa 
SQ 
Average day 
38 0.79 1.03  37 0.33  54.55* 0.31 
SQ 
Weekday 
38 0.80 1.04  37 0.31  54.55* 0.31 
SQ 
Weekend 
38 0.78 1.10  37 0.28  39.39 0.08 
SQ 
Yesterday 
34 0.64 1.42  34 0.13  37.93 0.06 
MARCA  
Average day† 
- - -  16 0.63  71.43* 0.58 
MARCA 
Day before 
yesterday 
19 0.72 1.18  22 0.67  41.18 0.17 
MARCA 
Yesterday 
14 0.96 0.47  19 0.49  42.86 0.13 
 
N: number of participants; SEM: Standard error of measurement; SQ: single question; MARCA: Adult version of the Multimedia 
Activity Recall for Children and Adolescents. 
* Agreement is significantly better than one would expect by chance (p<0.05) 
†Reliability for MARCA in average day was not calculated as during the retest only one day was randomly selected. 
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ICCs for the MARCA were 0.96 for ’yesterday’ and 0.72 for the ‘day-before-
yesterday’, with SEMs of 0.47 and 1.18 h/day, respectively. The MARCA showed 
moderate correlation with AP (r=0.49 to 0.67) (Table 2). Mean biases between the 
MARCA and the AP were relatively low, ranging from 0.82 to 1.66 h/day, but also 
with wide LoA (Figure 1). When tertiles were used, there was good agreement 
between the MARCA and AP for an average day, but poorer agreement when data for 
yesterday and the day-before-yesterday were used separately (Table 2). 
 
Figure 1. Mean bias (h/day) and 95% limits of agreement of the single question and 
MARCA versus ActivPAL3TM as the reference standard. 
SQ: Single question; MARCA: the Adult version of the Multimedia Activity Recall for Children and Adolescents 
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DISCUSSION 
The results provide information about the accuracy of estimating time spent in SB in 
older adults using two self-report instruments with very different features. For the SQ, 
ICCs suggested moderate to good reliability, as similarly shown in a previous study.59 
However, when selecting an instrument for studies that aim to measure change in SB 
over time, the SEM is important, as it indicates the error margin around each 
participant’s measurement. A large error margin reduces the likelihood of detecting 
small but important differences in changes in SB over time. For example, a reduction 
in SB of 1 hour per day would be a substantial change from a behavioural perspective, 
but this would not be detected in an individual as being statistically significant if SEM 
was >1, as was found for the SQ (Table 2). 
 
Validity for the SQ was modest (Table 2) and similar for the different days, except for 
‘yesterday’, which was poor (r=0.13). However, when data from one participant (who 
reported 2 h/day and 9 h/day SB on test and re-test) were removed, the correlation 
was 0.31. This level of validity is comparable with that shown for other 
questionnaires with more than one item, which measure SB in older adults.44,63 The 
results showed that participants underestimated their sitting time by over 3 h/day, but 
these differences were not systematic (Figure 1). This bias is similar to that reported 
by Clemes et al.59 who assessed a single-item specific-day question for measuring SB 
(compared with ActiGraph GT1M, ActiGraph, Pensacola, FL) in a younger 
population (range 23-65 years). They found that sitting time was underestimated 
significantly on both weekdays (-2.88 h/day; LoA -6.68 to 0.92 h/day) and weekend 
days (-3.64 h/day; LoA -8.49 to 1.21 h/day). This under-reporting is probably 
explained by the fact that the question does not ask about all possible ‘sitting times’ 
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(e.g. time spent sitting to eat, or while travelling but not driving), as well as the 
intrinsic properties of the question and personal strategies used to select days and 
compute sitting times.18 Van Uffelen et al. found that most of the older adults report 
the activities they usually do, rather than those performed during the measurement 
period. Moreover, they found that many older people only report time spent sitting 
during the activities used as examples in the questions.18 In the same study, older 
people had difficulties identifying activities such as driving and eating as sitting 
activities. This suggests that accuracy might be improved if more examples were 
provided.18 Another source of estimation error is that the reference standard, AP, 
cannot determine whether an individual is sitting or lying. Hence the reference total 
estimate includes time spent in both postures, while the single question asks about 
time spent sitting. In our study, no differences were found for total time SB on 
weekdays and weekend days as measured with the AP and SQ (Table 1), which may 
suggest that the distinction between week and weekend day may not be relevant in 
this age group, and it may be sufficient to simply ask about sitting time on a “usual” 
day. 
 
In previous studies, the MARCA has shown promising results as a tool for estimating 
total energy expenditure, use of time and PA levels in different age groups.53,60,62 Our 
results show that the MARCA has high reliability (ICC 0.72 to 0.96) and moderate 
validity for estimating time spent in SB (r=0.44 to 0.62). Reliability for ‘yesterday’ 
was comparable with results found in another sample of older adults for whom total 
MVPA and PA levels were estimated with the same instrument.62 However, SEM for 
the MARCA ranged from 0.47 to 1.18 h/day (Table 2), which is comparable to that of 
the SQ. 
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The relatively low mean biases between the MARCA and AP (0.82 to 1.66 h/day) 
were similar to those reported by Matthews et al. (mean bias=: 0.72 h/day; LoA: -2.61 
to 4.05 h/day) in an adult sample.55 However, for the MARCA, wide LoAs were 
found (range: -3.54 to 6.40 h/day), indicating that large individual variation in 
accuracy exists. Thus, although the mean bias may be acceptable, and the instrument 
seems valid for measuring SB at the group level, individual values may diverge 
substantially from objective measurement. 
 
Most self-report methods underestimate total time spent in SB.54,59,64 In contrast, the 
MARCA overestimated SB by about 1 h/day. This may be explained by the fact that 
time spent sitting, for example while watching TV, may be interrupted. When 
responding to the MARCA, these interruptions are likely to be overlooked (“I 
watched TV for two hours”) while the AP records only the time actually spent sitting. 
However, the MARCA asks about sitting as well as lying, which may explain the 
lower mean bias than was seen for the SQ. Moreover, the MARCA reduces the recall 
interval on the day to specific segments, such as before breakfast, lunch and dinner, 
and this may reduce the reporting error.65  
 
To assess whether these two instruments are appropriate for use in large-scale studies, 
reliability, validity and feasibility have to be balanced. In epidemiological research, 
SB is often analysed in categories, for example tertiles.51,66,67 Despite the limited 
accuracy when used as a continuous measure, the SQ has acceptable agreement for 
categorising participants into tertiles (for both average day and weekday). 
Importantly, most participants were correctly classified in the first tertile, which is 
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typically used as the reference group. Consistent with the results based on continuous 
values, when tertiles were used, the MARCA showed higher agreement (71.4%) with 
AP than the SQ for an average day (54.6%). 
A limitation of the study is that a convenience sample was used, and participants were 
primarily well educated, healthy and had few difficulties managing their income. 
Results may vary in populations with different demographic characteristics. Although 
the MARCA can be self-administered or administered by telephone, we opted for a 
face-to-face interview, which allowed the interviewer to support the participant with 
recall. Validity and reliability may differ for self-administered or telephone 
administered completion. The lag between the test and retest was relatively short, 
which may have increased the likelihood of remembering the previous responses to 
the recall. However, to reduce this bias a series of performance tests and locus of 
control questions were completed between the test and retest. A gap of several days is 
not feasible with the MARCA as respondents must recall the same day. After a longer 
period, differences would almost certainly result from memory problems, rather than 
technical aspects of the instrument, which is what we were trying to capture. Finally, 
for the majority of participants, the re-test for the MARCA was completed for one of 
the two days only, as many participants complained that it took too long to complete 
both days twice. The results in Table 1 suggest that participants with poorer health are 
less willing to complete the MARCA. The MARCA takes about 15 minutes to 
complete for one day, and the increased burden of recalling two days’ activities is 
unlikely to justify its use, if we are only interested in SB time. However, the MARCA 
provides information on a wide range of activities, and allows identification of which 
types of SB people engage in during the measured period. Further studies are needed 
to explore validity and reliability with more heterogeneous samples. 
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CONCLUSION 
Reliability for both the single question and the MARCA were moderate to good and 
the instruments had comparable standard error of measurement. The MARCA seems 
to be a more valid instrument for estimating total time in SB than the SQ. Although 
the MARCA showed a relatively low mean bias (1 h/day), wide limits of agreement 
were observed, suggesting that the MARCA provides more accurate estimates for 
groups than for individuals. However, the MARCA may show limitations when 
applying into large samples as participants with poorer health showed more 
difficulties and higher rejection rates for completing the recall. Despite the mean 
biases, both the SQ and the MARCA may be used as valid instruments for 
categorising participants into tertiles of SB estimates. However, care should be taken 
when using these instruments for detecting changes over time. 
 
PRACTICAL IMPLICATIONS 
• The MARCA provides more accurate estimates of sedentary behaviour than a 
single question, but researchers may consider time spent on completing a day 
as a trade-off. 
• Despite it simplicity and large bias, a single question has acceptable 
agreement for categorising participants into tertiles of sedentary behaviour. 
• Both instruments showed more accurate estimates for groups than for 
individuals. 
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ABSTRACT 
Metabolic equivalent values of common daily activities in middle age 
and older adults in free living environments 
Nicolás Aguilar-Farías, Wendy J Brown, Tina L Skinner, G.M.E.E. (Geeske) Peeters 
Objectives: The purpose of this study was to assess MET values of common daily 
activities in mid-age and older adults in free living environments and compare these 
with MET values listed in the Compendium of Physical Activities (CPA).  
Design: cross-sectional study 
Methods: Sixty participants (mean age=71.5, SD=10.8, range 55-99 years; mean 
BMI=26.8, SD=3.8 kg·m-2) completed a semi-structured protocol of sitting, lying, 
self-paced walking and four self-selected activities in their residences. Oxygen 
consumption was measured using portable indirect calorimetry, to assess metabolic 
equivalents (METs) for each activity relative to VO2 at rest (VO2 during activity/ VO2 
at rest). Measured MET values for 20 different activities, and for the domains of 
sedentary, walking, gardening and household activities, were used as criterion and 
compared with those in the CPA, for the total sample and for participants aged 55-64, 
65-74, and 75-99 years.  
Results: Measured METs were significantly different from values in the CPA for 
several activities (sitting, walking, sweeping, trimming, and laundry). When using 
CPA, MET values for sedentary activities were higher in the total sample, while MET 
values for walking and household activities were lower in the youngest age group 
when compared with Measured METs. For gardening activities, there was a 
significative decline in measured METs with age.  
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Conclusions: Compendium values tend to to be higher than the actual energy 
expenditure of several household and yard tasks in adults aged over 65 years. This 
may result in overestimation when CPA MET values are used to assess total daily 
energy expenditure.  
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INTRODUCTION 
Most subjective and objective methods for measuring physical activity (PA) depend 
to some extent on the use of metabolic equivalent (MET) values. These MET values 
are used to account for the intensity of different activities when estimating total 
energy expenditure (EE) during a period of time, or to classify activities according to 
level of intensity. For example, self-report methods, such as 24-hour recalls of all 
activities 60, rely on MET values from the Compendium of Physical Activities (CPA) 
30 to deduce total daily EE based on reported activities. Most commonly used 
surveillance questionnaires (including the International Physical Activity 
Questionnaire 68 and the Active Australia Physical Activity Survey 69), rely on 
estimated MET values for groups of activities to estimate MET.minutes/week spent in 
moderate and vigorous physical activity (MVPA) (i.e. reported time spent in an 
activity type during a day or week, multiplied by a estimated MET value for that 
activity). Similarly, in studies that use objective methods, time spent in activities at 
different “intensity counts” of accelerometer data is often multiplied by corresponding 
MET values, if EE is the outcome of interest.  
The most important source of information on the MET values of activities is the CPA 
30, which was first compiled in 1993 for adults 70, and revised in 2000 71 and 2011 30, 
with a similar version for youth published in 2008 72. There is however no exclusive 
CPA for older adults, but most activities performed regularly by older adults are 
included in the adult CPA. Kozey-Keadle et al. have proposed to used the terms 
Measured MET (Measured VO2 ml.kg-1.min-1/Measured resting metabolic rate (RMR)), 
Standard MET (Measured VO2 ml.kg-1.min-1/3.5 ml.kg-1.min-1), Predicted MET 
(Measured VO2 ml.kg-1.min-1/Harris-Benedict predicted RMR) and Corrected MET 
(Mean standard MET per activity . (3.5 ml.kg-1.min-1/Harris-Benedict predicted RMR)) 
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when reporting data as differences have been found when using estimates derived 
from these equations.73 In 2014, Hall et al. 32 compiled data from studies in older 
adults and reported important differences between measured EE and estimates based 
on the CPA MET values. For example, for standardized tasks at a predetermined pace 
(e.g. walking at certain speed), EE values for measured activities were about 30% 
higher for older adults than those in the CPA. This could be explained by an increase 
in the metabolic cost of physical activities with age 31,74, due to reduced efficiency of 
movement, compensatory actions such as exacerbated co-activation of antagonist 
muscle groups, and cardiorespiratory changes 31,75. In contrast, Hall et al. showed that 
for self-paced activities where the individual regulates the speed or effort as desired 
(e.g. washing dishes, vacuuming), measured EE was up to 50% lower than CPA 
estimates 76. This may be explained by the common assumption that resting VO2 is a 
standard 3.5 ml.kg-1.min-1, which may be 20-30% too high in older adults73, resulting in 
an underestimation of standard METs for specific activities in this population 73,76,77. 
There are however very few data on the EE of activities that are common in older 
people, such as household tasks and gardening 32. Accurate estimates of the MET 
values of such activities would enhance our understanding of the energy needs of 
older people.  
The purpose of this study was to calculate MET values for common activities 
performed by older adults in their own homes, based on objective measures of oxygen 
uptake during a range of resting, walking, household and gardening activities. MET 
values were estimated for adults in three age groups (55-64, 65-74 and 75-99 years) 
and compared with those published in the CPA.  
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METHODS 
Participants were recruited using flyers and recruitment notices circulated via email 
and letters within a network of volunteers and the university community. The 
eligibility criteria were: aged 55 years or older, able to walk (with or without assistive 
devices but not requiring assistance from another person), able to consent, and able to 
perform household and/or gardening activities. Before commencing, the participants 
provided written informed consent. The consent form and study protocol were 
approved by the Behavioural & Social Sciences Ethical Review Committee of The 
University of Queensland, Australia.  
Testing was conducted in the participant’s home. A questionnaire was used to 
measure demographic characteristics and general health. Exercise capacity in METs 
was estimated with the Veterans Specific Activity Questionnaire (VSAQ), a 13 item, 
self-administered questionnaire that determines which daily activities typically cause 
fatigue, shortness of breath, chest discomfort, or claudication 78,79. Body mass 
(measured using weighing scales: Model 762, Seca GmbH & Co. KG., Germany) and 
height (measured with a stadiometer: Model 217, Seca GmbH & Co. KG., Germany) 
were used to calculate body mass index (BMI; kg·m-2). To assess their level of 
physical activity, participants were asked if they were ‘inactive’, ‘active for 1 h per 
week or less’ or ‘active for 1 h per week or more’. 
Each participant performed seven different activities: sitting, lying down, self-paced 
walking and four self-selected household/gardening activities, based on their usual 
tasks. During the activities, each participant wore a portable indirect calorimetry 
system (MetaMax 3B; Cortex Biophysik GmbH, Leipzig, Germany) 80. Ventilation 
and expired gas concentrations were measured and recorded breath-by-breath to 
estimate oxygen uptake. The portable system was calibrated before each measurement 
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and verified afterwards according to the manufacturer’s instructions 80. Data were 
recorded and downloaded with Metasoft software v3.9.7 (Cortex Biophysik GmbH, 
Leipzig, Germany).  
The activities were measured on the same day in a random order, except the sitting 
and lying activities, which were performed at the beginning and end of testing to 
determine whether a fatiguing effect was observed. Participants were asked to 
perform each activity for at least 5 minutes and remain silent during the recording 
period. EE while lying down and silent in a quiet environment without disturbance 
was used as a proxy for resting metabolic rate (RMR). During the walking activity, 
participants were asked to walk at their usual comfortable walking speed. No specific 
instructions were given on how to perform the other activities. Resting periods 
(approximately 4-5 minutes) were provided after each activity to ensure recovery of 
heart rate and breathing frequency prior to the start of each activity.   
Measured MET values were calculated by dividing the EE per minute by the 
measured RMR.73 For each activity, Weir’s equation 81 was used to calculate the 
average EE per minute, after eliminating the first 150 seconds of the recording 
(transition period from rest to physical activity). This elimination procedure was 
based on a previous study 76 and the overall time taken to observe a steady state in our 
sample. In addition, Standard MET values were calculated and reported by dividing 
the EE per minute by 3.5 ml·kg-1·min-1,73 enabling comparison with previous studies 
(Supplementary table).  
Demographic and health characteristics were compared between age groups using 
analysis of variance (ANOVA) and Bonferroni correction, Kruskal Wallis, or chi-
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square tests, depending on variable type and distribution. Measured METs were 
compared with those in the CPA using t-tests for participants in the three age groups.  
As self-report instruments often ask about time spent in generic categories of 
activities (rather than specific activities), all the participants’ recorded activities were 
categorised as: sedentary; walking; household; or gardening activities, and mean MET 
values for each activity type were calculated. 
All statistical analyses were performed using Stata 13.0 (StataCorp. College Station, 
TX, USA) and p<0.05 was considered statistically significant. 
RESULTS 
Sixty participants completed the study, of whom 20 were 55-64 years old, 17 were 
65-74 years old and 23 were 75 years and older. Health characteristics of the total 
sample, and for each age group, are shown in Table 1. There were no differences 
between the age groups for any health characteristic, except for exercise capacity, 
which was lower in the over 75 year age group (p<0.001; see Table 1). In the total 
sample, the average RMR was 3.3 ml·kg-1·min-1 (SD=0.52). No statistical differences 
in RMR were observed among any of the subgroups based on demographic or health 
characteristics (Supplementary table). 
CHAPTER	THREE	|	MET	values	of	daily	activities		
	 	  74		
Table 1. Demographic and health characteristics of the participants 
 All 
(n=60) 
55 to <65 
years 
(n=20) 
65 to <75 years 
(n=17) 
75 years and older 
(n=23) 
Age (years) 
 Mean 
 SD 
 Range 
 
71.5 
10.78 
55-99 
 
59.7 
2.63 
55-63 
 
70.1 
2.38 
66-74 
 
82.7 
6.46 
75-99 
Sex 
 Male (%) 
 
45.0 
 
50.0 
 
52.9 
 
34.8 
BMI (kg·m-2) 
 Mean 
 SD 
 
26.8 
3.79 
 
28.3 
3.59 
 
26.0 
3.22 
 
25.9 
4.05 
Resting heart rate (bpm) 
 Mean 
 SD 
 
64.2 
13.23 
 
60.1 
16.86 
 
68.1 
14.13 
 
64.7 
7.32 
RMRa ( ml·kg-1·min-1) 
 Mean 
 SD 
 
3.3 
0.52 
 
3.4 
0.54 
 
3.4 
0.54 
 
3.2 
0.49 
Exercise capacity (METs) 
 Median 
 IQR 
 
 
7.5* 
5.84, 9.99 
 
 
8.7 
7.68, 10.51 
 
 
8.8 
7.11, 10.63 
 
 
5.7 
4.45, 6.89 
Self-reported health (%) 
 Fair 
 Good 
 Very good 
 Excellent 
 
10.0 
45.0 
33.3 
11.7 
 
10.0 
50.0 
40.0 
0 
 
0 
47.1 
35.3 
17.7 
 
17.4 
39.1 
26.1 
17.4 
Physical activity level (%) 
 Inactive 
 1 h/week or less 
 More than 1 h/week 
 
25.0 
37.5 
37.5 
 
30.0 
45.0 
25.0 
 
6.2 
31.3 
62.5 
 
13.1 
52.2 
34.8 
 
n: number of participants; SD: standard deviation; IQR: interquartile range; BMI: Body mass index; 
RMR: resting metabolic rate 
*Difference by gender 
a. RMR measured by proxy as oxygen uptake while lying quietly 
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For participants aged 55 to 64 years, measured MET values for sweeping (p=0.02) 
and walking (p=0.02) were significantly higher than those in the CPA, while the MET 
value for sitting was significantly lower (p<0.0001; see Table 2). Further differences 
were observed for those older than 65 years, where MET values for sitting quietly, 
doing laundry and trimming differed significantly from the CPA values (Table 2).  
In total, 20 different activities were assessed, comprising 164 sedentary (mostly 
sitting and lying down), 57 walking, 159 household and 49 gardening activities across 
all participants (Figure 1). In the total sample, measured METs were lower than the 
CPA values for sedentary activities (p<0.001). Mean METs for walking (p=0.18), 
household activities (p=0.05) and gardening activities (p=0.10) did not differ from the 
CPA values. 
When measured MET values for each category of activity were compared with those 
from the CPA in each age group, all sedentary activities were lower than the 
Compendium values (p<0.05) (Figure 1). For walking and household activities, 
measured MET values were higher (p<0.05) than the CPA in 55-64 year olds. For 
gardening activities, measured MET values were lower than those in the CPA for 
participants older than 75 years (p<0.05). 
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DISCUSSION 
Few studies have focused on energy expenditure during daily activities in older 
adults, especially in free-living environments32. Our results showed small but 
significant differences between measured MET values and those in the CPA, with the 
CPA showing lower energy expenditure for walking and household activities in the 
youngest (55-64 year) group, and higher energy expenditure for gardening tasks in the 
oldest group (75-99 years). Importantly, we observed MET values for sedentary 
activities that were 10-15% lower than in the CPA, within each age group, as well as 
for the total sample.  As these activities account for about 60% of the day in older 
adults 82,83, this may result in large differences when estimating total daily or weekly 
energy expenditure. 
Energy expenditure was calculated using a proxy of the RMR obtained for each 
participant while lying down (measured METs). The RMR reported in our study was 
slightly lower than the standard MET (3.5 mL•kg-1•min-1), but higher than values 
reported in other studies 73,84. We were unable to apply the complete standard RMR 
measurement protocol (i.e. following a minimum fast of 4 hours) 85, which may 
partially explain why the current RMR values were higher than in other studies of 
older adults. In line with recommendations provided by Hall et al. 32, we reported 
energy expenditure values for three age groups. Small, non-significant differences 
were observed between the age groups (Table 1). The lack of significant age-related 
differences may be explained by the higher BMI and possibly lower fitness in the 
younger adults, and the good health status of the older participants (82% reported 
good to excellent self-rated health).  As previously described by McMurray et al. 84, 
RMR reflects total body mass, and as fat mass does not appreciably contribute to 
metabolism, participants with higher BMI and higher body fat percentage have lower 
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RMR. However, changes may be also observed in individuals with higher BMI as 
while they are moving the carried weight of body fat may contributes similarly to the 
carried weight of muscle mass as oxygen consumption must increase to perform the 
task. 
Although Ainsworth et al. stated that the “Compendium was not developed to 
determine the precise energy cost of activities within an individual” 30, extrapolation 
from the Compendium to individuals continues to be common in research and clinical 
settings. MET values for different activities were presented here for different age 
groups, to illustrate the potential under- or overestimation of energy expenditure when 
applying the MET values in research or clinical settings. When comparing MET 
values from individual activities with those in the CPA for each age group, we found 
that only three activities were statistically different for those older than 65 years. In 
contrast, a study of adults aged 70 to 87 years found that MET values differed from 
the CPA values for 14 of the 17 tasks 86.  However, in that study the activities were 
conducted under laboratory conditions, which often result in lower EE than in home 
environments 87. 
We also classified activities into categories similar to those commonly used in 
physical activity questionnaires. When comparing measured MET values for walking 
with the CPA in the total sample, no differences were found for mean EE. However, 
differences were observed for the younger group, who recorded higher EE values than 
those in the CPA. As walking, especially in short bouts, accounts for a large 
proportion of total daily physical activity, underestimation of EE may occur when 
applying generic CPA values in this age group. The participants performed a wide 
range of household activities and no differences were observed between measured and 
CPA MET values in the total sample. Only the youngest group showed MET values 
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in the moderate intensity range (3-6 METs), which were similar to those reported by 
Withers et al. in 55 to 65-year-old women 87. Overall, for household activities, no 
differences in MET values were observed between age groups, but mean EE was 
lower in the older age groups. Knaggs et al. reported that older adults with mobility 
impairments had lower absolute METs, but higher metabolic costs, than healthy older 
adults performing the same activities 86. Similarly, we found that participants older 
than 75 years tended to perform gardening activities at slower pace or with less 
demanding movement patterns, resulting in lower MET values than those reported in 
the CPA.  
In another study with older adults, Park et al. found large variability in METs while 
doing activities such as making a vegetable garden (mean 3.7 METs, range 2.8-5.7 
METs) 88. This large variability illustrates the loss of information and accuracy when 
a single MET value is used to estimate energy expenditure 87. Therefore, generalising 
values from the Compendium to older adults without considering their exercise 
capacity should be avoided, if specific and accurate energy expenditure estimations 
are required. Importantly, and as noted by Hortobagyi et al., the higher EE of daily 
activities in older adults may reflect the higher level of effort relative to maximum 
capacity, rather than the functional demands imposed by the task 74. 
A strength of our study was that the household and garden activities were self-
selected and participants were encouraged to choose activities that they performed 
regularly, to ensure that selected activities were relevant for this age group. The 
sample size was larger than samples in similar studies 76,86,88, however some activities 
were selected by only a few participants, jeopardising the accuracy of some mean 
MET estimates. The activities were performed in the participants’ own homes, using 
their own equipment, and no instructions were given on how to perform the activities, 
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in order to capture the full range of habitual performance. We acknowledge that this 
increased the variability in how activities were performed, but it also strengthens the 
applicability of these findings to everyday energy expenditure estimates. However, 
while performing the activities in free-living environments increased the relevance of 
the measured MET values for application in observational studies, we were not able to 
measure RMR using a prolonged protocol, or measure exercise capacity using gold 
standard methods (i.e. maximal aerobic capacity (V̇O2max)). Participants were asked 
to perform each activity for at least 5 minutes, in order to reach a steady state or 
plateau in V̇O2. This meant that for some activities, we had to ask participants to 
continue with the activity if they completed the task in less than 5 minutes. In most 
cases, the energy expenditure increased steadily from resting levels until a plateau 
was reached after approximately 2.5 minutes. As in previous research, we assessed 
the ‘steady state’ MET values, after this time. This may mean that our measured MET 
values overestimate actual energy expenditure, as in real-life, older people may 
transition from one task to another,  in a continual ‘chain’ of activities, before sitting 
down to rest. Ignoring the energy expenditure during transitions between tasks, or 
between resting and the next task, may introduce an important source of error when 
estimating overall energy expenditure from self-report methods, which assume 
constant energy expenditure during activities. The current sample was relatively fit 
and healthy, which may limit the generalizability of the findings to the wider 
population of older adults. Therefore, replication of this study in samples with varying 
fitness levels is recommended, to examine the robustness of the current findings.  
CONCLUSION 
This study provides new information on energy expenditure for activities performed 
regularly by older adults that may be useful for understanding physical activity 
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patterns and behaviours. In our study, RMR values were slightly lower than the 
standard value (3.5 ml/kg/min) across different age groups. Most importantly, 
differences in EE estimates were observed for those aged 65 and over, and this may 
be partially explained by different activity patterns, as observed in other studies. To 
complement our findings, more research is needed on leisure activities that are 
common in this age group, across different cultures and demographic characteristics, 
particularly as moderate to vigorous activities during leisure time have shown 
important additional health benefits over those attributed to daily activities. 
 
PRACTICAL IMPLICATIONS 
• Values from the compendium of physical activities are lower than measured 
METs for walking and household activities in subjects aged 55 to 64 years. 
• Gardening tasks tend to be higher in the compendium of physical activities 
than those measured METs in subjects aged 75 and more. 
• In this study sedentary activities were 10-15% lower than in the compendium 
of physical activities for the total sample. This may result in large differences 
when estimating total daily energy expenditure. 
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ABSTRACT 
Comparing ActiGraph equations for estimating energy 
expenditure in older adults 
Nicolás Aguilar-Farías, G.M.E.E. (Geeske) Peeters, Wendy J Brown, Robert J Brychta, 
Kong Y Chen 
Introduction: The aims were to: (i) assess the validity of four different ActiGraph 
GT3X+ (AG) equations for predicting energy expenditure (EE) in older adults; and 
(ii) to assess agreement between MET levels obtained from these equations and from 
four sets of published AG cut-points, with those from indirect calorimetry.  
Methods: Forty older adults (age= 77.4±8.13 yrs, range 66-99 years, BMI= 26.0±3.7 
kg·m-2) completed a protocol of sitting, lying, walking and 4 self-selected 
household/gardening activities in their residence, while wearing an AG and a portable 
indirect calorimeter (MetaMax 3B). EE for each activity, total physical-activity-
related EE (PAEE) and total sedentary-behaviour-related EE (SBEE) were predicted 
using the Freedson, refined Crouter, and Santos-Lozano (vertical axis [VT] and 
vector-magnitude [VM]) equations, and compared with measured EE in terms of 
standard error of the estimation (SEE) and mean bias. These equations, and four sets 
of cut-points, were used to assess agreement between times spent in different MET 
levels, compared with MetaMax.  
Results: The lowest SEE was found for the Santos-Lozano VM equation (0.78 
METs). For PAEE, this equation had the lowest mean bias (-6.77 MET/h; 95%LoA:-
62.94, 49.40), while for SBEE, the refined Crouter equation showed the lowest mean 
bias (11.04 MET/h; 95%LoA:-33.49, 55.58). Agreement with Metamax-measured 
MET levels was significant for all equations and cut-points, but highest for the 
Freedson equation (74.9%). 
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Conclusions: As none of the equations was clearly superior to the others, selection of 
an equation should be based on the research question. When measuring total daily EE, 
equations with more accurate estimations for sedentary behaviour may be preferred, 
as these behaviours account for at least 60-70% of daily activity in older adults. 
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INTRODUCTION 
Accelerometers have been widely used to assess physical activity (PA), as they have 
the potential to objectively and accurately measure intensity, duration and frequency 
of PA in free-living environments. However, accurate estimation of energy 
expenditure (EE) from accelerometer outputs remains a challenge.89-91 When deciding 
which method to use, researchers are faced with a choice of several different 
equations, developed with diverse statistical approaches, including regressions, 
decision trees, and machine-learning methods. They also have to make choices about 
data extraction (e.g. raw data, epochs, etc.) and select the method that is most 
appropriate for the age and health of the population being studied.28,92,93 
Among the different methods for predicting EE, the Freedson equation93 was 
developed for data collected with the first generation of ActiGraph (AG; ActiGraph, 
Pensacola, FL) in 1-minute epochs for the vertical axis. Even though its validation 
was based only on treadmill exercise at three different speeds,93 it has been widely 
used.55,94,95 This method may however still be applicable, as the vertical axis of the 
first generation AGs is comparable with that of current model AGs when the low-
frequency extension (LFE) is used.96 In 2011, the Freedson equation was compared 
with indirect calorimetry in different lab-based activities in an adult population, and 
showed a mean bias of -1.4 metabolic equivalents (METs) (95% CI: -1.4,-1.3) across 
all activities and -0.8 METs (95% CI: -0.8, -0.7) for treadmill activities, confirming 
its specificity for walking activities.91 Another commonly used method is the two-
regression model developed in 2006 by Crouter et al.,27 and refined in 2010.28 
Predicted METs from the refined equation are strongly correlated with measured 
METs for all activities except cycling.  Estimates of EE from this method also show 
good agreement with EE measured with whole-room calorimetry and doubly labelled 
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water in an adult sample. Inter-individual variability is however high when measuring 
different MET levels.97  
To date, most of the equations for predicting EE from AG data have been tested in 
adult populations,28,93 using activities such as cycling, treadmill walking and sports 
such as basketball, which are appropriate for adult studies. However, few studies have 
developed equations for older adults, using activities that reflect the range or intensity 
of activities typically undertaken by this group.19,20 Similarly, the AG cut-points used 
by epidemiologists to measure time spent in different MET levels, have not been 
validated during everyday activities in older people. 
However, recently, a specific model for predicting EE in this age group was 
developed by Santos-Lozano et al. using a test protocol that comprised 6 conditions 
(resting, sit-to-stand and treadmill at different speeds), measured with indirect 
calorimetry.98 From this study, equations for the AG were obtained for the vertical 
axis (Santos-Lozano VT) and vector magnitude (Santos-Lozano VM). The equations 
showed moderate correlation (r=0.50 and 0.64) and standard error of the estimation 
(SEE) of 1.18 METs and 1.14 METs for all activities for Santos-Lozano VT and 
Santos-Lozano VM, respectively. Santos-Lozano VM had a mean bias of 0.005 METs 
(95% LoA: -2.22, 2.22) for the average of all tested activities, which was superior to 
other methods tested in the same sample.98  
The primary aim of this study was therefore to assess the validity of four different 
ActiGraph GT3X+ equations for predicting energy expenditure in older adults during 
a range of tasks performed in their home environments. The secondary aim was to 
assess agreement between categories of MET levels obtained from these four 
equations and from four sets of published AG cut-points, with those from indirect 
calorimetry.   
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METHODS 
Participants 
Forty community-dwelling participants aged 65 and over were recruited using flyers 
displayed at organizations with large numbers of older adults, as well as a recruitment 
notice circulated through emails and letters within a network of previous volunteers. 
Eligibility criteria included being able to walk (with or without assistive devices but 
not requiring assistance from another person) and ability to sign the consent form. 
Exclusion criteria were cognitive or physical disabilities which limited their capacity 
to perform the activities that were in the protocol. Before commencing, participants 
gave written informed consent; the consent form and study protocol have been 
approved by the Behavioural & Social Sciences Ethical Review Committee of the 
University of Queensland, Australia.  
Data collection 
Testing was conducted in each participant’s home. The participants wore a portable 
calorimetry system, MetaMax 3B (MetaMax, Cortex Biophysik GmbH, Leipzig, 
Germany), and an ActiGraph GT3X+ (ActiGraph, Pensacola, FL, USA) during short 
periods of sitting, lying down, self-paced walking and 4 self-selected 
household/gardening activities. Every participant selected activities based on their 
usual daily tasks, such as dusting, dish washing and watering plants. The activities 
were measured on the same day in a random order, except for the resting activities 
which were performed at the beginning. Lying down was used as a proxy for resting 
metabolic rate (RMR). All the activities lasted at least 5 minutes and the participants 
were asked to remain silent. After each activity, recovery time was given and the 
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following activity started after obtaining resting heart rate values. No specific 
instructions were given on how to perform the free-living activities.  
For each activity, ventilation and expired gas concentrations were measured breath-
by-breath to measure EE with the MetaMax as the reference standard, which was 
previously validated.80 The system includes an analyser unit, which is secured to a 
neoprene chest harness, and a soft and flexible mask, held with a neoprene head 
harness. The portable system was calibrated and prepared according to the 
manufacturer’s instructions before each measurement. MetaMax data were recorded 
and downloaded with Metasoft software v3.9.7 (Cortex Biophysik GmbH, Leipzig, 
Germany).  
The ActiGraph GT3X+ (AG; ActiGraph, Pensacola, FL, USA) is tri-axial raw-signal 
accelerometer.23 The AG was placed on the middle axillary line of the iliac crest using 
an elastic belt. AGs were initialized and downloaded using ActiLife 5 Software v5.7.4 
(ActiGraph, Pensacola, FL, USA). Data were recorded with a sampling rate of 30 Hz, 
processed using the low filter extension (LFE) and integrated into 1-s epochs. In order 
to ensure date and time matching, all the instruments were initialized and 
synchronized on the same computer. This allowed precise matching of the MetaMax 
and AG data. 
Age, gender, general health information, and physical activity level were assessed 
with a questionnaire. Exercise capacity was estimated with the Veterans Specific 
Activity Questionnaire (VSAQ).78 Height and weight were measured using a floor 
scale and a stadiometer and used to calculate body mass index (BMI=kg·m-2).  
 
Data reduction 
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Two different approaches were used to estimate EE from the MetaMax for each 
activity: steady state (to assess intensity accuracy) and continuous state (to assess 
overall EE prediction accuracy). A steady state was selected for each of the activities 
by eliminating the first 180s and retaining the remaining data, as a plateau (variability 
below 5% for the oxygen consumption) was reached after 180s in all observations. 
For the continuous state, data from the entire measurement period for each activity 
were included in the analysis, including the transition from resting to the steady 
period. EE was calculated using Weir’s equation81 and then divided by measured 
resting EE to obtain measured MET (mMET) values, both estimates included VO2 
and VCO2 data.  
 
Statistical analysis 
All statistical analyses were performed using Stata 13.0 (StataCorp. College Station, 
TX, USA) and p<0.05 was considered statistically significant. Predicted EE was 
calculated for the Freedson93 , refined Crouter28 and two Santos-Lozano98 equations 
using the methods shown in Table 1. These predicted values were compared with 
mMET values from indirect calorimetry for each activity. Total physical-activity-
related EE (PAEE, all activities except sitting and lying quietly) and total sedentary-
behaviour-related EE (SBEE, sitting and lying quietly) were then calculated using 
each equation and compared with measured values from the indirect calorimetry. 
When weights were assigned to PAEE and SBEE based on previously reported 
percentages of time spent in PA (35%) and SB (65%) during an average day in older 
adults,82,94,95,99 predicted daily EE for each equation was calculated. Comparisons 
between estimates were made using paired t-tests. Standard error of the estimation 
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(SEE) and mean bias with 95% limits of agreement (LoA) were used to assess the 
validity of each equation. The SEE is used as an indication of the mean of the 
absolute value of the differences between the predicted and measured EE on a minute-
by-minute basis, while the mean bias indicates whether the overall equation under- or 
overestimates the EE. Based on the METs obtained by indirect calorimetry and the 
different equations, activities were classified into MET levels as: sedentary (<1.5 
METs), light (1.5-3.0 METs), moderate (3.1-6 METs), vigorous (≥6 METs) intensity. 
Activities were also classified into these PALs based on four published sets of cut-
points: NHANES (vertical axis100), Matthews (vertical axis101,102), Sasaki (vector 
magnitude, moderate and vigorous activity only38) and Aguilar (vector magnitude, 
sedentary time only82).  Agreement between the predicted estimates and calorimetry 
measured MET levels was calculated using kappa. Percentage of correctly classified 
MET levels were compared using a confusion matrix, and times spent in each MET 
level were compared using t-tests. 
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Table 1. AG equations and overall accuracy for predicting energy expenditure for all 
activities compared with indirect calorimetry (MetaMax 3B).   
 
Abbreviations: AG: ActiGraph; EE: energy expenditure; SEE: standard error of measurement; METs: 
Metabolic equivalents; VT: vertical axis; cpm: counts per minute, CV: coefficient of variation; G: 
gender (female=1; male 2); VM: vector magnitude. 
* Measured EE: Measured energy expenditure in steady state divided by energy expenditure at rest. 
†The lowest coefficient of variation (CV) is selected from those calculated for each 10-second epoch, 
and all combinations of the five surrounding 10-second epochs. This CV is used to identify whether the 
10-second epoch was part of sedentary activity, rhythmic locomotor activity (i.e. walking or running) 
or intermittent lifestyle activity 
Equation Method 
Measured EE* 
SEE R2 
Freedson EE (METs)=1.439008+0.000795·(VT cpm) 0.87 0.51 
Refined Crouter  1. If the counts·10 sec−1 are ≤ 8: EE= 1.0 MET, 0.82 0.70 
2. If the counts·10 sec−1 are > 8: 
a. and the CV† of the VT counts·10 sec−1 are ≤ 10:  
EE (METs)= 2.294275·(exp(0.00084679 · VT counts·10 sec−1)) 
  
b. or, the CV† of the VT counts·10 sec−1 are > 10: 
EE (METs) = 0.749395+(0.716431·(Ln(VT counts·10 sec−1))) – 
(0.179874 · (Ln(VT counts·10 sec−1))2) +  
(0.033173 ·(Ln(VT counts·10 sec−1))3) 
  
3. Once a MET value has been calculated for each 10 sec epoch within a 
minute on the AG clock, the average MET value of 6 consecutive 10-sec 
epochs within each minute is calculated to	obtain the average MET value 
for that minute.  
  
Santos-Lozano 
VT 
EE (METs)=2.8867+0.00067·(VT cpm)-0.6807·G 0.94 0.34 
Santos-Lozano 
VM 
EE (METs)=2.5878+0.00047·(VM cpm)-0.6453·G 0.78 0.57 
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RESULTS 
40 participants completed the study; their average age was 77.36 years (SD=8.13, 
range 66-99), mean BMI was 25.96 kg·m-2 (SD=3.67, range 19.0-36.0) and median 
exercise capacity was 6.89 METs [4.59, 9.39]. Only 10% rated their health as poor or 
fair, and 53.9% reported less than 1 h/week of physical activity. No differences were 
observed between male and female participants. In total, 16 different activities were 
assessed. Mean biases between predicted EE and mMETs for all activities are shown 
using modified Bland-Altman plots in Figure 1. When comparing the equations with 
mMETs for all activities, the SEE ranged from 0.78 to 0.94 METs, with the lowest 
SEE for the Santos-Lozano VM equation (Table 1).  
 
Figure 1. Modified Bland-Altman plots for predicted energy expenditure for all 
activities combined by different ActiGraph equations versus measured METs 
(MetaMax 3B). The black solid line represents the trend, grey solid line represents 
mean bias and the dashed lines represent the 95% limits of agreement. For Santos-
Lozano VT and VM, open circles represent women and filled in circles represent 
men.EE: Energy expenditure; MET: Metabolic equivalent; VT: vertical axis; VM: 
vector magnitude. 
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When analysing each activity individually using steady states, mean biases ranged 
from -2.32 METs (Freedson, mowing lawn) to 0.77 METs (refined Crouter, dusting) 
(Figure 2). The number of activities that significantly differed from mMETs varied 
from the Freedson equation (13/16) to the other equations (refined Crouter: 6/16, 
Santos Lozano VT: 7/16, Santos-Lozano VM: 4/16) (Figure 2). Mean biases for the 
combined EE ranged from -0.43 to 0.39 METs, with the lowest absolute mean bias for 
the Santos-Lozano VT equation (0.03, LoA: -0.35, 0.40). 
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When using the continuously measured data, mean biases for PAEE ranged from -
29.25 (Freedson) to 22 MET/h (Crouter) (Figure 3), with the lowest mean bias for the 
Santos-Lozano VM equation (-6.77 MET/h; LoA:-62.94, 49.40). For SBEE, mean 
biases ranged from 11.04 (Crouter) to 48.98 (Santos-Lozano VT) MET/h, with the 
lowest mean bias for the Crouter equation (11.04 MET/h; LoA:-33.49, 55.58). After 
applying percentages of time spent in PA (35%) and SB (65%) during an average day 
in older adults, mean bias for the estimated total daily EE ranged from 2.05 
(Freedson) to 27.11 (Santos-Lozano VT) MET/h, with the lowest mean bias for the 
Freedson equation (2.05 MET/h; LoA: -12.62, 16.71). 
 
Figure 3. Mean biases between measured energy expenditure (MetaMax 3B) and 
different predictive equations weighted by the amount of daily time spent in sedentary 
behaviour and physical activity per day in older adults. Weight %: Estimated daily EE 
based on 35% PAEE and 65% SBEE. LoA: limits of agreement; PAEE: physical-
activity-related energy expenditure; SBEE: sedentary-activity-related energy 
expenditure; EE: energy expenditure METs: metabolic equivalent 
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There was statistically significant agreement for categorising activities by MET levels 
for all the equations and cut-points, with highest overall agreement for the Freedson 
equation and the Matthews cut-points for all categories (Figure 4). The Sasaki VM 
cut-points showed high percent agreement for categorising activities into intensity 
categories (sedentary or light intensity, moderate intensity and vigorous; 85.14%; 
k=0.52), while the Aguilar VM cut-points showed high agreement for categorising 
into two categories (sedentary and non-sedentary; 96.7%; k=0.93) (data not shown). 
The NHANES VT and Matthews VT cut-points had the highest percentage of 
correctly classified sedentary activities (100%), while the NHANES cut-points had 
the lowest agreement for moderate intensity activities (27.9%; Figure 4). The 
Freedson, Santos-Lozano VT, Santos-Lozano VM and NHANES cut-points had at 
least 80% of correctly classified observations for light intensity activities. In contrast, 
the Crouter equation was the only one to correctly classify more than 80% of 
moderate intensity activities (83.61%).   
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Figure 4. Confusion matrices for percentages of correctly classified observations by 
different AG predictive equations for activities categorised according to intensity by 
indirect calorimetry (MetaMax 3B). Columns indicate the percentage of activities 
classified into different intensities by the predictive method. The dark boxes indicates 
the percentage of correctly classified activities.  
PA= percent agreement; k= kappa value. *some activities of moderate intensity were 
misclassified as vigorous. Note: The Sasaki and Aguilar cut-points were not included 
as they classified activities as under/over moderate intensity and under/above light 
intensity, respectively. 
 
When data were analysed on minute-by-minute basis, and compared with indirect 
calorimetry using four equations and four sets of cut-points, there were no significant 
differences in sedentary time when the refined Crouter equation and the Aguilar VM 
cut-points were used. For light activity, no differences were found for the Freedson 
equation and NHANES cut-points, and for moderate activity no differences were 
observed for the refined Crouter equation, Santos-Lozano VM equation and the 
Matthews and Sasaki cut-points (Figure 5). 
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Figure 5. Average time spent in different physical activity intensities as measured by 
the MetaMax 3B and predicted by each predictive equation (A) and cut-point (B) 
method. * Significantly different from measured energy expenditure (p<0.05). LPA: 
light physical activity; MVPA: moderate and vigorous physical activity; VT: vertical 
axis; VM: vector magnitude.	
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DISCUSSION 
To our knowledge, this is the first study to determine the validity of different AG 
equations for predicting EE in older adults in their habitual-living environments. We 
tested a wide range of activities, and measured individual EE with a portable indirect 
calorimeter. Both steady-state and continuous data were analysed to determine the 
validity of specific activity intensity predictions and overall physical activity EE 
during the day, respectively. 
In our analyses, SEE and mean bias were used to assess the validity of the four 
equations for predicting the EE of each activity, as they provide complementary 
information. SEE is relevant when assessing the accuracy across all activities, as 
some equations underestimate physical activities, but overestimate sedentary 
activities; and thus when the mean bias is aggregated, these differences may cancel 
each other out. When comparing our findings with studies conducted in adults,91,92 
SEE and mean biases for all activities were relatively low. The differences found for 
SEE in other studies may be explained by the fact that they used the standard resting 
value of 3.5 ml·kg-1·min-1. To test this, we reanalysed our data with this estimated 
resting EE and found that the SEE was higher than when individually-measured 
resting EE was used. Although the recent equations developed by Santos-Lozano et 
al. have not been validated in an external sample, our findings support the specificity 
of this equation for this age-group, as the VM equation showed the lowest SEE, while 
the VT equation showed the lowest mean bias, when all individual activities were 
combined. However, when activities were compared individually, the Freedson and 
Crouter equations showed lower mean biases and SEE for sedentary activities. 
Overall, the Freedson, Santos-Lozano VT and Santos-Lozano VM equations tend to 
underestimate EE as energy demands increase (Figure 1). Similar findings were 
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reported for the Freedson equation when it was tested in a younger adult sample by 
Lyden et al.91 On the other hand, the Crouter equation tends to overestimate EE 
predictions, especially for moderate activities (Figure 1). Similar results were reported 
by Rothney et al. and Crouter et al. for moderate intensity activities in a 
heterogeneous age cohort.26,97  
We also estimated the validity of these equations for predicting total EE for this age-
group. Although the Santos-Lozano VM equation showed the lowest mean bias (-6.77 
MET/h) when estimating PAEE, the same equation showed a larger bias for SBEE 
(34.34 MET/h) (Figure 3). As SB accounts for a large proportion of the day in older 
adults,9,82,95 this larger bias for SBEE extrapolates to a greater difference between 
estimated and true total daily EE. As the mean bias for SBEE was smallest for the 
Freedson equation (Figure 3), after weighting the SBEE and PAEE for typical time 
spent in these categories, this equation was most accurate when predicting the 
estimated total daily EE, but with underestimation of PAEE and overestimation of 
SBEE. 
A major interest in population studies is not only to estimate total daily EE, but also 
time spent in different PA intensity levels, with the aim of assessing whether or not 
the population under study is meeting the PA guidelines. For this reason, agreement 
between the equations and the indirect calorimeter for categorising activities into PAL 
was tested. For all four equations, agreement with indirect calorimetry was 
statistically significant, but despite its simplicity, the Freedson equation showed 
substantial agreement (k=0.73) and the highest overall percentage (78%) of correctly 
classified activities. The Freedson, Santos-Lozano VT and Santos-Lozano VM 
equations tended to misclassify moderate and vigorous activities as light, which is 
consistent with the trend described in previous paragraphs (Figure 4). The Crouter 
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equation produced the highest percentage of correctly classified activities of moderate 
intensity (84%), but nearly half of light activities were misclassified as moderate 
intensity (Figure 4). Misclassification is important, as it can result in false or 
undetected associations between behaviour and health outcomes. 
Cut-points have been used to classify observations into PALs100 in epidemiologic 
studies such as NHANES. For this reason, cut-points for accelerometry based on the 
AG vertical axis (NHANES and Matthews) and vector magnitude (Sasaki and 
Aguilar) were tested as well. These cut-points showed excellent agreement for 
classification of SB, but agreement was variable for light and moderate activity. 
Data were also analysed on a minute-by-minute basis to calculate time spent in each 
MET level. The findings were variable, with most methods (equation or cut-point) 
showing good agreement on only one or two MET levels. The Freedson and the 
NHANES cut-points provided acceptable agreement on both sedentary and light 
activity levels, while the Crouter equation and the Matthews cut-points provided high 
agreement on both sedentary and moderate activity levels. The results for assessing 
vigorous physical activity remain unclear, as few participants reached vigorous 
intensity in their activities. 
In our attempt to simulate and apply the equations to activities in free-living 
conditions, we used measured METs (mMETs) in a continuous state. Thus, we 
included the whole period of measurement, including the transition period from 
resting to the steady state, for calculating total EE. We acknowledge that these 
equations were not developed under these conditions, so that comparisons may be 
affected, but this is important when attempting to transfer models developed in 
laboratory settings to more practical free-living conditions. We chose this approach 
because, despite the fact that PAEE typically accounts for about 30-40% of daily time 
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awake,82,94,95,99 most activities are performed in short bouts.103,104 Transitions may 
therefore be relevant in total PAEE estimations. However, when testing the equations 
in steady conditions, findings were similar. In addition, the calculation of METs was 
based on the measured resting EE (rather than the standard 3.5 ml·kg-1·min-1), which 
is important in older adults, as EE at rest decreases with age77 and therefore may 
affect total EE estimates.73,84 Although we used the best method available for 
measuring EE in free-living environments, we recognise that this method has some 
limitations in this context. First, the measurement period was limited to a period of 
about two hours, as these older participants would have become fatigued with a 
longer protocol. Second, although the activities were self-selected (except for lying, 
sitting and walking), the duration was influenced by our suggestion. Finally, patterns 
and intensity may have been affected by our presence and the calorimeter, despite our 
encouragement to perform activities as they were usually done on a daily basis. 
We found that none of the equations was clearly superior to the others. For example, 
although Santos-Lozano et al. developed their equations using a protocol that 
included sitting, sit-to-stand and treadmill activities only, the equations, especially 
Santos-Lozano VM, performed well when estimating EE per activity and total PAEE 
in our range of activities. However, Santos-Lozano VT and VM failed when 
estimating EE for sedentary activities. Importantly, the lowest EE value for Santos-
Lozano VM equation, when 0 counts per minute were recorded, was 1.30 and 1.94 
METs for men and women respectively, which would lead to significant 
overestimation of EE at rest. Similarly, as described in other studies,91,105 for the 
Freedson equation, the lowest value when 0 counts were recorded was 1.44 METs. In 
our sample the high percentage of correctly classified observations for sedentary 
intensity levels for this equation were not surprising as there was little movement 
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during the sitting and lying activities, and this may be different in real free-living 
conditions.  
Differences between measured and predicted EE for each activity may also be 
explained by the fact that these equations assume linear relationships between counts 
and EE. The relationships may not be linear when activities are performed 
intermittently in short bouts and at different intensities, as in free-living environments. 
Simple linear regression equations were widely accepted methods for model 
development in the past, but now other methods are being employed. Thus, Crouter et 
al. developed the two-regression method, including more features, such as the CV, in 
order to differentiate walking/running from lifestyle activities.27 This method was 
refined to improve the identification of the initiation of rhythmic locomotor activities 
in 2010.28 However, both the first and refined model showed similar validity for pure 
sedentary or pure walking activities, with better performance for the refined Crouter 
equation for activities where walking was interspersed with rest periods.28 In our 
study, the Crouter equation showed consistent results across the different comparisons 
and had the lowest mean bias for SBEE (Figure 3). This equation also had the highest 
percentage of correctly classified activities for moderate intensity (Figure 4). Despite 
this, in our study, the Crouter equation showed significant differences with measured 
EE for walking, as well as some misclassifications for walking. This may indicate that 
CV<10 may not be appropriate for detecting locomotion in this age group in free-
living environments, but this requires further research. In a recent study, this method 
showed no difference for total EE, total minutes in bouts and the number of bouts of 
activity that qualify towards meeting the physical activity guidelines, when compared 
with direct observation in a younger sample.92  
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In conclusion, when selecting an equation to estimate total daily EE from 
accelerometer data, equations with more accurate estimates of sedentary behaviour, 
such as the Freedson and refined Crouter equations may be preferred, as this 
behaviour accounts for at least 60-70% of daily time in older adults.9,94,95,99 When the 
main interest is to estimate total time spent in different physical activity levels, a 
method with higher agreement for categorising activities may be preferred. However, 
researchers should consider the strengths and weaknesses described here when 
analysing data and extrapolating results from equations, because issues such as 
individual variability in terms of patterns and nature of movement remain an 
important limitation for all these methods. 
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CHAPTER FIVE 	
 
THESIS DISCUSSION 
 
The studies comprising this thesis critically examined issues relating to the self-report 
and objective measurement of sedentary behaviour and physical activity in older 
adults and sought to fill in several gaps in the literature. In order to achieve the 
objectives stated in the Research Overview, two research projects were conducted in 
which a wide range of tools and methods were used. The first observational project 
called “The Time of your life” included 41 older adults who were monitored for 7 
consecutive days with accelerometers. This study resulted in two manuscripts which 
are presented as chapters of this thesis, focusing on the validation of methods for 
measuring sedentary behaviour in older adults. The second project, called “Energy 
expenditure in household and gardening activities in older adults”, resulted in two 
more manuscripts, which are also presented as thesis chapters. This research project 
involved measuring oxygen consumption in older adults in their own environments to 
determine metabolic cost values, as well as to assess the performance of current 
accelerometry methods for determining these energy costs in free-living 
environments. 
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Key findings of the conducted studies 
In this section, I will present the key findings of my four studies, which were 
conducted in order to try to fill specific gaps in the scientific literature on sedentary 
behavior and physical activity in older adults. 
Study one: ActiGraph GT3X+ cut-point for identifying sedentary behaviour in older 
adults in free-living environments. 
One of the purposes of “The Time of Your Life” Study was to examine cut-points for 
ActiGraph GT3X+ (AG) for estimating time spent in sedentary behaviour (SB) in 
older adults in free-living environments. ActivPAL3™ (AP) was used as the reference 
standard. Identifying accurate cut-points specifically for older adults is important, 
because cut-points and prediction equations for determining time spent in SB may 
vary for different age groups, due to dissimilar activity patterns, mechanical 
efficiency and the contrasting nature of movements at different life stages.19,20,35 To 
achieve this goal, movement patterns were measured in 41 older adults over seven 
consecutive days with both AG and AP. The results of this study suggested that 
different cut-points must be used in older adults than in younger adults. In the case of 
older adults when using 1-minute epochs, for example, a lower cut-point (25 instead 
of the 100 counts/minute typically used in studies of adults) must be considered when 
using the AG vertical axis only, or 200 counts/minute when using the three axes of 
the accelerometer. However, it was suggested that some misclassification might be 
observed when applying this method, as the AG is unable to correctly differentiate 
between standing and sitting in most cases. 
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Study two: Validity of self-report methods for measuring sedentary behaviour in 
older adults. 
The second study derived from the “The Time of Your Life” project, aimed to assess 
the reliability and validity of two self-report instruments for measuring SB in older 
adults. These self-report methods are widely used as they are more practical than 
objective methods in terms of cost and implementation, and provide different insights 
into the contexts of both physical activity and sedentary behaviour. However, there is 
a lack of validated instruments for the older population. The first instrument was a 
single question about sitting time on week and weekend days. This method showed 
good reliability (ICC=0.64-0.79), but modest validity (Spearman correlation=0.13-
0.31) when compared with the AP. It was concluded that this question has fair 
agreement for classifying individuals into tertiles. The second instrument was a 24-
hour recall (MARCA) for the last two days, which provides contextual information 
about use of time.52 The MARCA showed good to excellent reliability (ICC=0.72-
0.96) and moderate to good correlation (r=0.49-0.67) with the reference method. The 
instrument also showed moderate agreement for categorising participants into tertiles 
of time spent in SB. Therefore, the MARCA provides more accurate estimates of 
sedentary behaviour than a single question, but researchers should consider the time 
needed to collect the data, in terms of the burden on themselves and the participants. 
It is important to highlight that both instruments showed more accurate estimates for 
groups than for individuals. 
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Study three: Metabolic equivalent values of common daily activities in middle age 
and older adults in free living environments. 
The third chapter includes results from the second research project of this thesis, 
called “Energy expenditure in household and gardening activities in older adults”. 
The purpose of this study was to assess MET values of common daily activities in 
middle age and older adults in free-living environments and compare these with MET 
values listed in the Compendium of Physical Activities (CPA). In this study, sixty 
participants (mean age=71.5, SD=10.8, range 55-99 years) completed a semi-
structured protocol of sitting, lying, self-paced walking and four self-selected 
activities in their residences. All these activities were performed while wearing a 
portable indirect calorimeter. This study aimed to fill a gap in the field of the study of 
energy expenditure (EE) in older adults, as few studies are published. No study has 
previously reported data on the energy expenditure of household and gardening 
activities in free-living environments in this age group. In total, 20 different activities 
were measured among the participants, observing a wide range of movement patterns. 
The focus of the analysis and report was on measured METs (measured EE/measured 
resting metabolic rate (RMR)) rather than standard METs (measured EE/ 3.5 ml·kg-
1·min-1). This was done because there is a common assumption that using the standard 
resting VO2 (3.5 ml.kg-1.min-1) may result in underestimation of METs in this 
population, as the actual resting VO2 may be 20-30% higher in older adults.73,76,77 
Measured METs were significantly different from values in the CPA for several 
activities (sitting, walking, sweeping, trimming, and laundry). In addition, MET 
values for sedentary activities were overestimated in the total sample, while MET 
values for walking and household activities were underestimated in the youngest age 
group. For gardening activities, there was a significant decline in measured METs 
CHAPTER	FIVE	|	Thesis	discussion	
	 	  114		
with age. Therefore, it was concluded that using values from the CPA in older adults 
may result in overestimation of total daily energy expenditure, particularly when 
considering that most of the day is spent in sedentary activities. 
 
Study four: Comparing ActiGraph equations for estimating energy expenditure in 
older adults 
Chapter Four includes the comparison of currently available ActiGraph cut-points for 
estimating energy expenditure in older adults. This study was part of the second 
project, during which the participants wore a portable calorimeter, as well as an 
ActiGraph accelerometer, while performing the household and gardening activities. 
The aims of this part of this project were: (i) to assess the validity of four different 
ActiGraph GT3X+ (AG) equations for predicting energy expenditure (EE) in older 
adults; and (ii) to assess agreement between physical activity levels (PAL) obtained 
from these equations and from four sets of published AG equations, with those from 
indirect calorimetry. The equations (Freedson, Crouter, and Santos-Lozano (vertical 
axis [VT] and vector-magnitude [VM])) were compared with measured EE in terms 
of standard error of the estimation (SEE) and mean bias. These equations were 
selected as 1) the Freedson equation has been commonly used in population studies 
and applied to adults (including older adults), 2) the Crouter equation has been 
highlighted as one the most innovative and simple equations for predicting EE, as it 
integrates the concept of movement variability through a coefficient, and 3) the 
Santos-Lozano equations have been recently developed for older adults, but they have 
not been validated in free-living environments. 40 participants completed the study 
and 16 different activities were assessed. High variability was found with the 
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predictive equations showing mean biases for individual activities ranging from -2.32 
METs (Freedson, mowing lawn) to 0.77 METs (Crouter, dusting). The number of 
activities that significantly differed in terms of measured METs and those estimated 
from the equations, was 13 (out of a possible 16 activities) when the Freedson 
equation was used, and 4 when the Santos-Lozano VM equation was used. Agreement 
for classifying PA levels using the four equations and four additional cut-points 
(NHANES, Matthews, Sasaki and Aguilar-Farias) was also assessed. Use of the 
Matthews cut-points showed the highest levels of categorical agreement for all PA 
intensity categories. It was concluded that when selecting an equation to estimate total 
daily EE from accelerometer data, equations with more accurate estimates of 
sedentary behaviour, such as the Freedson and refined Crouter equations may be 
preferred, as this behaviour accounts for at least 60-70% of daily time in older adults. 
When the main interest is to estimate total time spent in different physical activity 
levels, a method with higher agreement for categorising activities may be preferred 
such as the Matthews cut-points or the combination of the Sasaki and Aguilar-Farias 
cut-points. However, these equations or cut-points have been assessed in terms of 
categorical accuracy (i.e. accurate classification of time spent in sedentary, light, 
moderate or vigourous PA), therefore, it is important to highlight that these methods 
may show limitations when estimating the total volume of activity per day, thus 
interpreting data as a continuum (i.e. continuous accuracy) in the case of accurate 
classification of PAEE over 24 hours.. 
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Contribution of this thesis to the current literature 
The four studies in this thesis addressed several important issues relating to the self-
report and objective measurement of PA and SB in elderly populations, with 
contributions to this developing area of behavioural epidemiology. More accurate 
measurement and available methods are required in older adults, as this will help 
interpretation and translation from the large amount of surveillance and intervention 
studies currently conducted in this field, particularly in this age group.  
Study one was the first to provide specific cut-points for measuring sedentary 
behaviour with ActiGraph GT3X+ in older adults in free-living environments, and 
identified the limitations and advantages of this objective measurement method. The 
cut-points are now being used by other researchers internationally in studies 
measuring sedentary behaviour in older adults.106,107 The second study validated two 
self-report methods for measuring sedentary behaviour, and provided relevant 
information for applying these tools in older adults. These two studies derived from 
“The Time of your life” project contributed to current knowledge in terms of a critical 
analysis of the properties of new AG cut-points for measuring SB, and the validity of 
two very different self-report methods that may be used, based not only on accuracy 
of the instrument, but also on the feasibility of implementation.  
The “Energy cost of daily activities” project resulted in two studies that also made a 
novel contribution to the literature. This was particularly true for study three, as no 
previous study has used indirect calorimetry for measuring household and gardening 
activities in elderly population in free-living environments. This study fills an 
important gap in the literature because it provides energy expenditure values that are 
meaningful for common activities in this age group, and insights into related 
demographic and physical characteristics that will require further research. Study four 
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was the first to compare published ActiGraph equations and cut-points with measured 
energy expenditure based on steady state and continuous oxygen consumption 
measures in older adults. This study will help researchers to select an appropriate AG 
equation or cut-points, and to understand the strengths and limitations of these 
predictive methods when using them in older adults in free-living environments. 
The work presented in this thesis has contributed to improving the measurement of 
SB and PA in older adults as a result more validated measures are available for use in 
observational and experimental studies. Along this thesis different features of 
instruments were described, as it is important for the field to count on accurate 
measurement as this contributes to more precise estimates of relationships between 
behaviours and health outcomes. By providing strengths and limitations for different 
methods and comparing various objective and subjective measurements, researchers 
can choose the instrument that bests suits their sample, study design, budget and 
research question. 
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Strengths and limitations 
The studies undertaken for this thesis have strengths and limitations. These are 
highlighted in the discussion section of each paper. However, a summary is provided 
in this section for the thesis as a whole, in order to orient recommendations for further 
research. 
a. Study designs 
All four studies used a cross-sectional design, as this was the most appropriate design 
for the study questions. A common strength in all studies was that measurements were 
conducted in free-living environments. For the first and second studies, direct 
observation was not possible, due to the duration of the measurement period (7 
consecutive days). The next-best available option, the ActivPAL3TM, was therefore 
used as a reference standard. This has the advantage of being less likely to affect 
participants' behaviours. In the first two studies participant compliance was very high. 
The second study assessed the reliability and validity of two instruments, a single 
question and a 24-hour recall instrument (MARCA) for measuring sedentary 
behaviour in older adults. By using a face-to-face interview, the interviewer was able 
to support the participant with recall. Therefore, validity and reliability may differ for 
self-administered or telephone administered completion. Another consideration is that 
the lag between the test and retest for the MARCA was relatively short, which may 
have increased the likelihood of the participant remembering the previous responses 
to the recall. However, to reduce this bias a series of performance tests and locus of 
control questions were completed between the test and retest.  
The main strength of the third and fourth studies was that they were conducted in the 
participants’ home environments. Also, in this study protocol, the participants were 
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asked to choose activities that they performed regularly, to ensure that selected 
activities were relevant for this age group. This increased the variability in how 
activities were performed, but it also strengthened the applicability of the findings 
from the third and fourth studies to everyday energy expenditure estimates.   
b. Study samples 
As with previous studies in older adults, in the first and second study the sample was 
relatively small (n=41). However, participants with a wide range of physical activity 
levels and sedentary times were recruited.  A limitation of these studies was that a 
convenience sample was used, and participants were primarily well educated, healthy 
and had few difficulties managing their income. Therefore, results may vary in 
populations with different demographic characteristics. 
The studies described in chapters three and four had larger sample sizes than previous 
similar studies (n=60). However, some activities were selected by only a few 
participants, jeopardising the accuracy of some mean MET estimates. As similarly 
described in studies with volunteer participants, the sample was relatively fit and 
healthy, which may limit the generalizability of the findings to the wider population 
of older adults.  
c. Measurement tools 
In recent years, objective measures for physical activity and sedentary behaviour have 
gained attention as they provide more accurate estimates of these behaviours than 
self-report methods. In studies one and two, the best-available method for determining 
time spent in sedentary behaviour in free-living environments, the ActivPAL3TM, was 
used as the reference standard. However, it should be noted that the ActivPAL3TM (at 
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the time of this study) was unable to differentiate between sitting and lying down, 
therefore, some sleeping time may have been included as sedentary behaviour. To 
overcome this potential limitation, manual cleaning based on participants’ logbooks 
was used to identify waking hours.  
A similar limitation can affect measures made with the ActiGraph GT3X+. Standing 
still results in low accelerometer counts, which may result in misclassification of 
standing as sedentary time in some situations. In this study, detection of standing 
appeared to be no better than chance. Therefore, some caution should be taken when 
using this method, as the findings suggest that the cut-points result in some 
misclassification of standing as sitting/lying, with resulting bias in estimates of time 
spent in SB. 
In the second chapter, a single question was assessed for measuring sedentary 
behaviour and showed poor validity and fair agreement for classifying individuals 
into tertiles of time spent in sedentary behaviour. Large differences (underestimation) 
were found bet ween this question and the reference standard. This under-reporting 
may be partially explained by the fact that the question does ask about all possible 
sitting, but only few examples of what counts as sitting are provided (e.g. time spent 
sitting to eat, or while travelling but not driving). This is particularly relevant in 
studies of older people, who may have difficulties identifying activities such as 
driving and eating as sitting activities. In the same study, a computer-delivered 24-
hour recall (MARCA) was compared against the ActivPAL3TM. To assess test-re-test 
reliability, activities on the same day must be recalled, but ideally with a longer gap 
(several days) between administrations, so that participants do not simply recall their 
initial responses. Recalling activities for the same day some days later is not feasible 
in studies of older people, as differences would almost certainly result from memory 
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problems, rather than technical aspects of the instrument that is being evaluated. 
Another limitation of this study was that for the majority of participants, the re-test for 
the MARCA was completed for one of the two days only, as many participants 
complained that it took too long to complete both days twice. 
In chapters Three and Four, the MetaMax 3B, a portable indirect calorimeter, was 
used as the reference standard. This is one of the best-available tools for measuring 
the oxygen consumption in free-living environments. The system is worn with a chest 
harness that may limit some activities, but no major problems or changes in 
movement patterns were observed during data collection. Another strength was that 
direct observation was included during the protocol for studies three and four, so that 
time synchronisation and confirmation of the activity (type, pattern and posture) were 
possible.    
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Recommendations for further research 
This section includes recommendations for future research which will further 
contribute to the understanding of PA and SB measurement issues in older people.  
a. Study one: ActiGraph GT3X+ cut-point for identifying sedentary behaviour in 
older adults in free-living environments. 
Although the ActivPAL3TM is the best-available method for measuring sitting time in 
free-living environments and for detecting postural transitions between sitting, 
standing and walking, methods for differentiating lying and sitting are still in 
progress. Additional ability to differentiate between lying and sitting would 
strengthen this instrument as a reference standard, and diminish the burden for 
researchers in terms of manual adjustments (i.e. identifying waking hours) and for 
participants who are often asked to complete sleep logbooks or wear two different 
monitors. A similar improvement in detecting postures (sitting/lying/standing) is 
expected soon for the ActiGraph GT3X+. This will also result in more accurate 
estimates of time spent in sedentary behaviour. 
An important finding from this study was that different cut-points were found to be 
more accurate than those used in adult samples. This highlights the point that specific 
cut-points for different age groups and contexts are needed. Therefore, further studies 
may be conducted in other populations with different demographic and health 
characteristics. Also, as technologies have improved, more complex methods for data 
analysis (i.e. pattern recognition) should be applied for identifying postures and 
activities in the future, however, apart from the issue of accuracy, new proposals 
should consider feasible and practical methods for analysing large data sets as this 
remains as an important issue when using novel methods such artificial neural 
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networks in some contexts. In addition, accelerometry is being used for gait analyses 
and prediction of fall risk in older adults, but this is still in development stages. 
Therefore, accelerometers that can measure not only PA patterns but also gait and 
centre of gravity displacements, for example, need to be assessed in different contexts 
and environments in elderly population. 
b. Study two: Validity of self-report methods for measuring sedentary behaviour in 
older adults. 
Two self-report methods were assessed for measuring sedentary behaviour in older 
adults. The single question showed good reliability, but poor validity against the 
ActivPAL3TM. The single question is practical for implementation in large-scale 
studies, but further research should evaluate whether the validity improves when more 
examples or cues are provided for different sitting activities. More research 
(qualitative and quantitative) is also needed to better understand how older adults use 
and comprehend the concept of a typical day in their answers. The second method 
was the MARCA, that showed good reliability and validity, but recall completion for 
one day took about 15 minutes. The burden for recalling additional days for 
measuring sedentary behaviour only is unlikely to justify its use. Therefore, further 
research to assess the validity for measuring a wider range of physical activities in 
older adults is recommended, but in the meantime this instrument can be used in 
observational studies, for example, if SB is one the main outcomes under study. Also, 
more research is needed for different populations, as the tool may perform differently 
in more heterogeneous samples. 
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c. Study three: Metabolic equivalent values of common daily activities in middle age 
and older adults in free living environments. 
In Chapter Three, MET values for different household and gardening activities in 
older adults in free-living environments were provided. Measured METs (measured 
oxygen consumption during activity/measured oxygen consumption at rest) were the 
focus, as previous findings have shown underestimations when calculating energy 
expenditure in older adults with standard methods (measured oxygen consumption 
during activity/3.5 mL•kg-1•min-1). This study provided valuable contributions to the 
current literature. However, the current sample was relatively fit and healthy, which 
may limit the generalizability of the findings to a wider population of older adults. 
Therefore, replication of this study in samples with varying fitness levels is 
recommended, to examine the robustness of the current findings. Until now, very few 
studies have focused their attention on energy expenditure measurement in older 
adults, therefore, more research is needed in this field. To complement the current 
findings, it is recommended that research on leisure activities that are common in this 
age group should be conducted. This could be done with samples from different 
cultures and with different demographic characteristics, particularly as moderate to 
vigorous activities during leisure time are known to have important additional health 
benefits over those attributed to house and gardening activities. 
d. Study four: Comparing ActiGraph equations for estimating energy expenditure 
in older adults 
In this study, different ActiGraph equations and cut-points were assessed in terms of 
capacity to predict energy expenditure and classify a range of household and 
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gardening activities according to different physical activity levels. The four equations 
tested in this study were developed in laboratory conditions (i.e. treadmill activities) 
and showed limitations when transferring to ‘free living’ environments as more 
variability is observed in terms of movement pattern, for example. It is recommended 
that further research on accelerometry methods in this and other age groups in free-
living conditions should be conducted, especially as activities tend to be performed 
differently and with irregular patterns among older individuals. For example, the 
refined Crouter equation, that based its method on a coefficient of variation for 
classifying an activity as ‘lifestyle’ or ‘locomotion’ (measuring regularity of the 
pattern within and between 10-second epochs), showed in preliminary analysis that 
the originally suggested coefficient of variation (CV<10) may not be appropriate for 
detecting locomotion in this age group in free-living environments. These issues, 
therefore, require further research in free-living environments. 
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Conclusion 
The studies presented in this thesis highlighted many important issues relating to the 
measurement of physical activity (PA) and sedentary behaviour (SB) in older adults, 
especially relating to the transfer of these methods to free-living environments. The 
four studies contributed to 1) providing more accurate cut-points for measuring SB in 
older adults, 2) validating two self-report methods for measuring SB in older adults, 
3) providing MET values for common household and gardening activities in older 
adults, and 4) assessing the predictive validity of currently available ActiGraph 
equations for energy expenditure in older adults. The work contained in this thesis 
will help researchers to 1) implement more accurate tools in the surveillance of PA 
and SB in larger studies, 2) better understand the strengths and limitations of current 
predictive methods when applying them in free-living environments, and 3) improve 
interpretation and translation of energy expenditure measures in older adults. 
Five recommendations for further research were identified in this field: 
1) to validate accelerometer methods in different contexts, in individuals with 
different demographic and health characteristics; 
2) to develop simple self-report methods for measuring SB, through quantitative and 
qualitative methods, to consider aspects such as meaningful examples of sedentary 
activities, and understanding how older adults use and comprehend the concept of a 
typical day in their answers; 
3) to validate the MARCA using a wider range of physical activities, as the tool has 
the potential to be accurate, while at the same time providing valuable contextual 
information of behaviours in older adults; 
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4) to assess energy expenditure in leisure activities that are common in different 
samples of older adults, in free-living environments; and 
5) to develop new methods for predicting energy expenditure in older adults in free-
living environments, while considering the balance between accuracy and feasibility 
when using these methods in large scale studies.
REFERENCES	
	 	  128		
REFERENCES 1.	 Haskell	WL,	Lee	 IM,	Pate	RR,	et	al.	Physical	activity	and	public	health:	updated	recommendation	 for	 adults	 from	 the	American	College	 of	 Sports	Medicine	 and	the	American	Heart	Association.	Med	Sci	Sports	Exerc.	2007;39(8):1423-1434.	2.	 Healy	GN,	Matthews	CE,	Dunstan	DW,	Winkler	EA,	Owen	N.	Sedentary	time	and	cardio-metabolic	biomarkers	 in	US	adults:	NHANES	2003-06.	European	Heart	J.	2011;32(5):590-597.	3.	 Thorp	 AA,	 Owen	 N,	 Neuhaus	 M,	 Dunstan	 DW.	 Sedentary	 behaviors	 and	subsequent	 health	 outcomes	 in	 adults	 a	 systematic	 review	 of	 longitudinal	studies,	1996-2011.	Am	J	Prev	Med.	2011;41(2):207-215.	4.	 Sedentary	Behaviour	Research	N.	 Letter	 to	 the	 editor:	 standardized	 use	 of	 the	terms	"sedentary"	and	"sedentary	behaviours".	Applied	physiology,	nutrition,	and	
metabolism	 =	 Physiologie	 appliquee,	 nutrition	 et	 metabolisme.	 2012;37(3):540-542.	5.	 Nations	 U.	 World	 Population	 Ageing	 2013.	 In:	 Department	 of	 Economic	 and	Social	Affairs	PD,	ed2013.	6.	 Hamrik	Z,	Sigmundova	D,	Kalman	M,	Pavelka	J,	Sigmund	E.	Physical	activity	and	sedentary	 behaviour	 in	 Czech	 adults:	 results	 from	 the	GPAQ	 study.	Eur	 J	Sport	
Sci.	2014;14(2):193-198.	7.	 Celis-Morales	 C,	 Salas	 C,	 Alduhishy	 A,	 et	 al.	 Socio-demographic	 patterns	 of	physical	 activity	 and	 sedentary	 behaviour	 in	 Chile:	 results	 from	 the	 National	Health	Survey	2009-2010.	Journal	of	public	health.	2015.	8.	 Harrington	 DM,	 Barreira	 TV,	 Staiano	 AE,	 Katzmarzyk	 PT.	 The	 descriptive	epidemiology	of	sitting	among	US	adults,	NHANES	2009/2010.	Journal	of	science	
and	medicine	in	sport	/	Sports	Medicine	Australia.	2014;17(4):371-375.	9.	 Matthews	CE,	 Chen	KY,	 Freedson	PS,	 et	 al.	 Amount	 of	 time	 spent	 in	 sedentary	behaviors	 in	 the	 United	 States,	 2003-2004.	 Am	 J	 Epidemiol.	2008;167(7):875-881.	10.	 Chastin	 SF,	 Mandrichenko	 O,	 Helbostadt	 JL,	 Skelton	 DA.	 Associations	 between	objectively-measured	 sedentary	 behaviour	 and	 physical	 activity	 with	 bone	mineral	 density	 in	 adults	 and	 older	 adults,	 the	 NHANES	 study.	 Bone.	2014;64:254-262.	11.	 Lee	 IM,	 Shiroma	 EJ,	 Lobelo	 F,	 et	 al.	 Effect	 of	 physical	 inactivity	 on	major	 non-communicable	 diseases	 worldwide:	 an	 analysis	 of	 burden	 of	 disease	 and	 life	expectancy.	Lancet.	2012;380(9838):219-229.	12.	 Katzmarzyk	PT,	Church	TS,	Craig	CL,	Bouchard	C.	Sitting	time	and	mortality	from	all	 causes,	 cardiovascular	 disease,	 and	 cancer.	 Med	 Sci	 Sports	 Exerc.	2009;41(5):998-1005.	13.	 Koster	A,	Caserotti	P,	Patel	KV,	et	al.	Association	of	sedentary	time	with	mortality	independent	 of	 moderate	 to	 vigorous	 physical	 activity.	 PLoS	 One.	2012;7(6):e37696.	14.	 Lynch	BM.	Sedentary	behavior	and	cancer:	a	systematic	review	of	the	literature	and	 proposed	 biological	 mechanisms.	 Cancer	 Epidem	 Biomar.	2010;19(11):2691-2709.	15.	 van	 Uffelen	 JG,	Wong	 J,	 Chau	 JY,	 et	 al.	 Occupational	 sitting	 and	 health	 risks:	 a	systematic	review.	Am	J	Prev	Med.	2010;39(4):379-388.	16.	 Warren	TY,	Barry	V,	Hooker	SP,	Sui	X,	Church	TS,	Blair	SN.	Sedentary	behaviors	increase	 risk	 of	 cardiovascular	 disease	mortality	 in	men.	Med	Sci	 Sports	Exerc.	2010;42(5):879-885.	17.	 Kohl	HW,	3rd,	Craig	CL,	Lambert	EV,	et	al.	The	pandemic	of	physical	 inactivity:	global	action	for	public	health.	Lancet.	2012;380(9838):294-305.	
REFERENCES	
	 	  129		
18.	 van	Uffelen	JG,	Heesch	KC,	Hill	RL,	Brown	WJ.	A	qualitative	study	of	older	adults'	responses	 to	 sitting-time	 questions:	 do	we	 get	 the	 information	we	want?	BMC	
public	health.	2011;11:458.	19.	 Strath	SJ,	 Pfeiffer	KA,	Whitt-Glover	MC.	Accelerometer	use	with	 children,	 older	adults,	 and	 adults	 with	 functional	 limitations.	Med	Sci	 Sports	Exerc.	2012;44(1	Suppl	1):S77-85.	20.	 Taraldsen	K,	Chastin	SF,	Riphagen,	II,	Vereijken	B,	Helbostad	JL.	Physical	activity	monitoring	by	use	of	accelerometer-based	body-worn	sensors	in	older	adults:	a	systematic	 literature	 review	of	 current	 knowledge	 and	 applications.	Maturitas.	2012;71(1):13-19.	21.	 Van	 Domelen	 DR,	 Caserotti	 P,	 Brychta	 RJ,	 et	 al.	 Is	 there	 a	 Sex	 Difference	 in	Accelerometer	 Counts	 During	 Walking	 in	 Older	 Adults?	 Journal	 of	 physical	
activity	&	health.	2013.	22.	 Ryde	 GC,	 Gilson	 ND,	 Suppini	 A,	 Brown	 WJ.	 Validation	 of	 a	 Novel,	 Objective	Measure	of	Occupational	Sitting.	Journal	of	occupational	health.	2012.	23.	 Santos-Lozano	 A,	 Marin	 PJ,	 Torres-Luque	 G,	 Ruiz	 JR,	 Lucia	 A,	 Garatachea	 N.	Technical	 variability	 of	 the	GT3X	 accelerometer.	Medical	engineering	&	physics.	2012.	24.	 Matthews	 CE,	 Hagstromer	 M,	 Pober	 DM,	 Bowles	 HR.	 Best	 practices	 for	 using	physical	 activity	 monitors	 in	 population-based	 research.	Med	 Sci	 Sports	 Exerc.	2012;44(1	Suppl	1):S68-76.	25.	 Healy	 GN,	 Clark	 BK,	 Winkler	 EA,	 Gardiner	 PA,	 Brown	 WJ,	 Matthews	 CE.	Measurement	 of	 adults'	 sedentary	 time	 in	 population-based	 studies.	Am	J	Prev	
Med.	2011;41(2):216-227.	26.	 Crouter	 SE,	 DellaValle	 DM,	 Haas	 JD,	 Frongillo	 EA,	 Bassett	 DR.	 Validity	 of	ActiGraph	2-regression	model,	matthews	cut-points,	and	NHANES	cut-points	for	assessing	 free-living	 physical	 activity.	 Journal	 of	 physical	 activity	 &	 health.	2013;10(4):504-514.	27.	 Crouter	SE,	Clowers	KG,	Bassett	DR,	Jr.	A	novel	method	for	using	accelerometer	data	to	predict	energy	expenditure.	J	Appl	Physiol.	2006;100(4):1324-1331.	28.	 Crouter	SE,	Kuffel	E,	Haas	JD,	Frongillo	EA,	Bassett	DR,	Jr.	Refined	two-regression	model	 for	 the	ActiGraph	accelerometer.	Med	Sci	Sports	Exerc.	2010;42(5):1029-1037.	29.	 Ridgers	ND,	Salmon	J,	Ridley	K,	O'Connell	E,	Arundell	L,	Timperio	A.	Agreement	between	 activPAL	 and	 ActiGraph	 for	 assessing	 children's	 sedentary	 time.	 Int	 J	
Behav	Nutr	Phys	Act.	2012;9:15.	30.	 Ainsworth	BE,	Haskell	WL,	Herrmann	 SD,	 et	 al.	 2011	Compendium	of	 Physical	Activities:	 a	 second	 update	 of	 codes	 and	 MET	 values.	 Med	 Sci	 Sports	 Exerc.	2011;43(8):1575-1581.	31.	 Jones	 LM,	Waters	DL,	 Legge	M.	Walking	 speed	 at	 self-selected	 exercise	 pace	 is	lower	but	energy	cost	higher	in	older	versus	younger	women.	Journal	of	physical	
activity	&	health.	2009;6(3):327-332.	32.	 Hall	KS,	Morey	MC,	Dutta	C,	et	al.	Activity-Related	Energy	Expenditure	 in	Older	Adults:	A	Call	for	More	Research.	Med	Sci	Sports	Exerc.	2014.	33.	 Haskell	WL,	Blair	SN,	Hill	JO.	Physical	activity:	health	outcomes	and	importance	for	public	health	policy.	Prev	Med.	2009;49(4):280-282.	34.	 Welk	 GJ,	 McClain	 J,	 Ainsworth	 BE.	 Protocols	 for	 evaluating	 equivalency	 of	accelerometry-based	 activity	 monitors.	Med	 Sci	 Sports	 Exerc.	2012;44(1	 Suppl	1):S39-49.	35.	 Esliger	D,	 Copeland	 J,	 Barnes	 J,	 Tremblay	M.	 Standardizing	 and	Optimizing	 the	Use	of	Accelerometer	Data	for	Free-Living	Physical	Activity	Monitoring.	 Journal	
of	physical	activity	&	health.	2005;9(3):18.	36.	 Robusto	 KM,	 Trost	 SG.	 Comparison	 of	 three	 generations	 of	 ActiGraph	 activity	monitors	in	children	and	adolescents.	J	Sports	Sci.	2012;30(13):1429-1435.	
REFERENCES	
	 	  130		
37.	 Kaminsky	 LA,	 Ozemek	 C.	 A	 comparison	 of	 the	 Actigraph	 GT1M	 and	 GT3X	accelerometers	 under	 standardized	 and	 free-living	 conditions.	 Physiological	
measurement.	2012;33(11):1869-1876.	38.	 Sasaki	JE,	John	D,	Freedson	PS.	Validation	and	comparison	of	ActiGraph	activity	monitors.	 Journal	 of	 science	 and	medicine	 in	 sport	 /	 Sports	 Medicine	 Australia.	2011;14(5):411-416.	39.	 Godfrey	 A,	 Culhane	 KM,	 Lyons	 GM.	 Comparison	 of	 the	 performance	 of	 the	activPAL	Professional	physical	activity	logger	to	a	discrete	accelerometer-based	activity	monitor.	Medical	engineering	&	physics.	2007;29(8):930-934.	40.	 Kozey-Keadle	S,	Libertine	A,	Lyden	K,	Staudenmayer	J,	Freedson	PS.	Validation	of	wearable	 monitors	 for	 assessing	 sedentary	 behavior.	 Med	 Sci	 Sports	 Exerc.	2011;43(8):1561-1567.	41.	 Grant	 PM,	 Ryan	 CG,	 Tigbe	WW,	 Granat	 MH.	 The	 validation	 of	 a	 novel	 activity	monitor	 in	 the	measurement	of	posture	and	motion	during	everyday	activities.	
British	journal	of	sports	medicine.	2006;40(12):992-997.	42.	 Peeters	 G,	 van	 Gellecum	 Y,	 Ryde	 G,	 Aguilar	 Farías	 N,	 Brown	W.	 Is	 the	 pain	 of	activity	 log-books	 worth	 the	 gain	 in	 precision	 when	 distinguishing	 wear	 and	non-wear	 time	 for	 tri-axial	 accelerometers?	 Journal	 of	 science	 and	medicine	 in	
sport	/	Sports	Medicine	Australia.	2012;In	press.	43.	 Hart	TL,	Swartz	AM,	Cashin	SE,	Strath	SJ.	How	many	days	of	monitoring	predict	physical	activity	and	sedentary	behaviour	in	older	adults?	Int	J	Behav	Nutr	Phys	
Act.	2011;8:62.	44.	 Gardiner	 PA,	 Clark	 BK,	 Healy	 GN,	 Eakin	 EG,	 Winkler	 EA,	 Owen	 N.	 Measuring	older	 adults'	 sedentary	 time:	 reliability,	 validity,	 and	 responsiveness.	Med	 Sci	
Sports	Exerc.	2011;43(11):2127-2133.	45.	 Grant	 PM,	 Granat	MH,	 Thow	MK,	Maclaren	WM.	 Analyzing	 free-living	 physical	activity	 of	 older	 adults	 in	 different	 environments	 using	 body-worn	 activity	monitors.	J	Aging	Phys	Activ.	2010;18(2):171-184.	46.	 Umstattd	 Meyer	 MR,	 Baller	 SL,	 Mitchell	 SM,	 Trost	 S.	 Comparison	 of	 Three	Accelerometer	 Data	 Reduction	 Approaches,	 Step	 Counts,	 and	 Two	 Self-Report	Measures	 for	 Estimating	 Physical	 Activity	 in	 Free-Living	 Adults.	 Journal	 of	
physical	activity	&	health.	2012.	47.	 Bassett	 DR,	 Jr.,	 Rowlands	 A,	 Trost	 SG.	 Calibration	 and	 validation	 of	 wearable	monitors.	Med	Sci	Sports	Exerc.	2012;44(1	Suppl	1):S32-38.	48.	 Trost	 SG,	Wong	WK,	Pfeiffer	KA,	 Zheng	Y.	Artificial	 neural	networks	 to	predict	activity	 type	 and	 energy	 expenditure	 in	 youth.	 Med	 Sci	 Sports	 Exerc.	2012;44(9):1801-1809.	49.	 Healy	GN,	Matthews	CE,	Dunstan	DW,	Winkler	EA,	Owen	N.	Sedentary	time	and	cardio-metabolic	 biomarkers	 in	 US	 adults:	 NHANES	 2003-06.	 Eur	 Heart	 J.	2011;32(5):590-597.	50.	 Lynch	 BM,	 Friedenreich	 CM,	 Winkler	 EA,	 et	 al.	 Associations	 of	 objectively	assessed	physical	activity	and	sedentary	time	with	biomarkers	of	breast	cancer	risk	 in	 postmenopausal	 women:	 findings	 from	 NHANES	 (2003-2006).	 Breast	
cancer	research	and	treatment.	2011;130(1):183-194.	51.	 Owen	N,	Sparling	PB,	Healy	GN,	Dunstan	DW,	Matthews	CE.	Sedentary	behavior:	emerging	 evidence	 for	 a	 new	 health	 risk.	Mayo	Clinic	proceedings.	Mayo	Clinic.	2010;85(12):1138-1141.	52.	 Haskell	 WL.	 Physical	 activity	 by	 self-report:	 a	 brief	 history	 and	 future	 issues.	
Journal	of	physical	activity	&	health.	2012;9	Suppl	1:S5-10.	53.	 Olds	 TS,	 Ridley	K,	 Dollman	 J,	Maher	 CA.	 The	 validity	 of	 a	 computerized	 use	 of	time	 recall,	 the	multimedia	 activity	 recall	 for	 children	and	adolescents.	Pediatr	
Exerc	Sci.	2010;22(1):34-43.	54.	 Clark	BK,	Winkler	E,	Healy	GN,	et	al.	Adults'	Past-Day	Recall	of	Sedentary	Time:	Reliability,	Validity	and	Responsiveness.	Med	Sci	Sports	Exerc.	2012.	
REFERENCES	
	 	  131		
55.	 Matthews	 CE,	 Keadle	 SK,	 Sampson	 J,	 et	 al.	 Validation	 of	 a	 Previous-Day	 Recall	Measure	 of	 Active	 and	 Sedentary	 Behaviors.	 Medicine	 &	 Science	 in	 Sports	 &	
Exercise.	2013.	56.	 van	Uffelen	 JG,	Watson	MJ,	Dobson	AJ,	 Brown	WJ.	 Comparison	of	 self-reported	week-day	and	weekend-day	sitting	 time	and	weekly	 time-use:	 results	 from	the	Australian	 Longitudinal	 Study	 on	 Women's	 Health.	 Int	 J	 Behav	 Med.	2011;18(3):221-228.	57.	 Lee	 C,	 Dobson	 AJ,	 Brown	WJ,	 et	 al.	 Cohort	 Profile:	 the	 Australian	 Longitudinal	Study	on	Women's	Health.	Int	J	Epidemiol.	2005;34(5):987-991.	58.	 Rosenberg	 DE,	 Bull	 FC,	 Marshall	 AL,	 Sallis	 JF,	 Bauman	 AE.	 Assessment	 of	sedentary	 behavior	 with	 the	 International	 Physical	 Activity	 Questionnaire.	
Journal	of	physical	activity	&	health.	2008;5	Suppl	1:S30-44.	59.	 Clemes	 SA,	 David	 BM,	 Zhao	 Y,	 Han	 X,	 Brown	 W.	 Validity	 of	 two	 self-report	measures	of	sitting	time.	Journal	of	physical	activity	&	health.	2012;9(4):533-539.	60.	 Gomersall	SR,	Olds	TS,	Ridley	K.	Development	and	evaluation	of	an	adult	use-of-time	 instrument	 with	 an	 energy	 expenditure	 focus.	 Journal	 of	 science	 and	
medicine	in	sport	/	Sports	Medicine	Australia.	2011;14(2):143-148.	61.	 Ridley	 K,	 Olds	 TS,	 Hill	 A.	 The	 Multimedia	 activity	 recall	 for	 children	 and	adolescents	 (MARCA):	 Development	 and	 evaluation.	 International	 Journal	 of	
Behavioral	Nutrition	and	Physical	Activity.	2006;3.	62.	 Mace	CJ,	Maddison	R,	Olds	T,	Kerse	N.	Validation	of	a	Computerised	Use	of	Time	Recall	 for	 Activity	 Measurement	 in	 Advanced	 Aged	 Adults.	 J	 Aging	 Phys	 Act.	2013.	63.	 Visser	M,	Koster	A.	Development	of	a	questionnaire	to	assess	sedentary	time	in	older	 persons	 --	 a	 comparative	 study	 using	 accelerometry.	 BMC	 geriatrics.	2013;13(1):80.	64.	 Clark	BK,	Thorp	AA,	A.h.	Winkler	E,	 et	 al.	Validity	of	 self-reported	measures	of	workplace	sitting	time	and	breaks	in	sitting	time.	Medicine	and	Science	in	Sports	
and	Exercise.	2011;43(10):1907-1912.	65.	 Matthews	 CE,	 Moore	 SC,	 George	 SM,	 Sampson	 J,	 Bowles	 HR.	 Improving	 self-reports	 of	 active	 and	 sedentary	 behaviors	 in	 large	 epidemiologic	 studies.	
Exercise	and	sport	sciences	reviews.	2012;40(3):118-126.	66.	 Hagstromer	M,	Ainsworth	BE,	Oja	P,	Sjostrom	M.	Comparison	of	a	subjective	and	an	 objective	 measure	 of	 physical	 activity	 in	 a	 population	 sample.	 Journal	 of	
physical	activity	&	health.	2010;7(4):541-550.	67.	 Peeters	 GM,	 Burton	 NW,	 Brown	 WJ.	 Associations	 between	 sitting	 time	 and	 a	range	of	symptoms	in	mid-age	women.	Prev	med.	2013;56(2):135-141.	68.	 Craig	 CL,	 Marshall	 AL,	 Sjostrom	 M,	 et	 al.	 International	 physical	 activity	questionnaire:	 12-country	 reliability	 and	 validity.	 Med	 Sci	 Sports	 Exerc.	2003;35(8):1381-1395.	69.	 AIHW.	 The	 Active	 Australia	 Survey:	 a	 Guide	 and	 Manual	 for	 Implementation,	
Analysis	and	Reporting.	Cat.	no.	CVD	22.	Canberra:	AIHW.	2003.	70.	 Ainsworth	 BE,	 Haskell	WL,	 Leon	 AS,	 et	 al.	 Compendium	 of	 physical	 activities:	classification	of	energy	costs	of	human	physical	activities.	Med	Sci	Sports	Exerc.	1993;25(1):71-80.	71.	 Ainsworth	BE,	Haskell	WL,	Whitt	MC,	et	al.	Compendium	of	physical	activities:	an	update	 of	 activity	 codes	 and	MET	 intensities.	Med	 Sci	 Sports	 Exerc.	2000;32(9	Suppl):S498-504.	72.	 Ridley	 K,	 Ainsworth	 BE,	 Olds	 TS.	 Development	 of	 a	 compendium	 of	 energy	expenditures	for	youth.	Int	J	Behav	Nutr	Phys	Act.	2008;5:45.	73.	 Hortobagyi	T,	Mizelle	C,	Beam	S,	DeVita	P.	Old	adults	perform	activities	of	daily	living	 near	 their	 maximal	 capabilities.	 J	 Gerontol	 A	 Biol	 Sci	 Med	 Sci.	2003;58(5):M453-460.	
REFERENCES	
	 	  132		
74.	 Schrack	JA,	Simonsick	EM,	Chaves	PH,	Ferrucci	L.	The	role	of	energetic	cost	in	the	age-related	slowing	of	gait	speed.	J	Am	Geriatr	Soc.	2012;60(10):1811-1816.	75.	 Hall	KS,	Howe	CA,	Rana	SR,	Martin	CL,	Morey	MC.	METs	and	Accelerometry	of	Walking	in	Older	Adults:	Standard	versus	Measured	Energy	Cost.	Med	Sci	Sports	
Exerc.	2013;45(3):574-582.	76.	 Kozey	 S,	 Lyden	 K,	 Staudenmayer	 J,	 Freedson	 P.	 Errors	 in	 MET	 estimates	 of	physical	 activities	 using	 3.5	 ml	 x	 kg(-1)	 x	 min(-1)	 as	 the	 baseline	 oxygen	consumption.	Journal	of	physical	activity	&	health.	2010;7(4):508-516.	77.	 Byrne	NM,	Hills	AP,	Hunter	GR,	Weinsier	RL,	Schutz	Y.	Metabolic	equivalent:	one	size	does	not	fit	all.	J	Appl	Physiol.	2005;99(3):1112-1119.	78.	 Rankin	 SL,	 Briffa	 TG,	 Morton	 AR,	 Hung	 J.	 A	 specific	 activity	 questionnaire	 to	measure	 the	 functional	 capacity	 of	 cardiac	 patients.	 The	 American	 journal	 of	
cardiology.	1996;77(14):1220-1223.	79.	 Myers	 J,	 Bader	 D,	 Madhavan	 R,	 Froelicher	 V.	 Validation	 of	 a	 specific	 activity	questionnaire	 to	 estimate	 exercise	 tolerance	 in	 patients	 referred	 for	 exercise	testing.	American	heart	journal.	2001;142(6):1041-1046.	80.	 Macfarlane	DJ,	Wong	P.	 Validity,	 reliability	 and	 stability	 of	 the	 portable	 Cortex	Metamax	3B	gas	analysis	system.	Eur	J	Appl	Physiol.	2012;112(7):2539-2547.	81.	 Weir	 JB.	New	methods	 for	 calculating	metabolic	 rate	with	 special	 reference	 to	protein	metabolism.	J	Physiol.	1949;109(1-2):1-9.	82.	 Aguilar-Farias	 N,	 Brown	 WJ,	 Peeters	 GM.	 ActiGraph	 GT3X+	 cut-points	 for	identifying	 sedentary	 behaviour	 in	 older	 adults	 in	 free-living	 environments.	
Journal	 of	 science	 and	 medicine	 in	 sport	 /	 Sports	 Medicine	 Australia.	2014;17(3):293-299.	83.	 Matthews	CE,	 Chen	KY,	 Freedson	PS,	 et	 al.	 Amount	 of	 time	 spent	 in	 sedentary	behaviors	 in	 the	 United	 States,	 2003-2004.	 American	 journal	 of	 epidemiology.	2008;167(7):875-881.	84.	 McMurray	 RG,	 Soares	 J,	 Caspersen	 CJ,	 McCurdy	 T.	 Examining	 variations	 of	resting	metabolic	rate	of	adults:	a	public	health	perspective.	Med	Sci	Sports	Exerc.	2014;46(7):1352-1358.	85.	 Compher	C,	Frankenfield	D,	Keim	N,	Roth-Yousey	L,	Evidence	Analysis	Working	G.	Best	practice	methods	 to	apply	 to	measurement	of	 resting	metabolic	 rate	 in	adults:	a	systematic	review.	J	Am	Diet	Assoc.	2006;106(6):881-903.	86.	 Knaggs	JD,	Larkin	KA,	Manini	TM.	Metabolic	cost	of	daily	activities	and	effect	of	mobility	impairment	in	older	adults.	J	Am	Geriatr	Soc.	2011;59(11):2118-2123.	87.	 Withers	RT,	Brooks	AG,	Gunn	SM,	Plummer	JL,	Gore	CJ,	Cormack	J.	Self-selected	exercise	 intensity	during	household/garden	activities	and	walking	 in	55	 to	65-year-old	females.	Eur	J	Appl	Physiol.	2006;97(4):494-504.	88.	 Park	 S-A,	 Lee	 K-S,	 Son	 K-C,	 Shoemaker	 C.	 Metabolic	 Cost	 of	 Horticulture	Activities	in	Older	Adults.	J	Japan	Soc	Hort	Sci.	2012;81(3):5.	89.	 Bassett	 DR,	 Jr.,	 Rowlands	 A,	 Trost	 SG.	 Calibration	 and	 validation	 of	 wearable	monitors.	Med	Sci	Sport	Exer.	2012;44(1	Suppl	1):S32-38.	90.	 Freedson	 P,	 Bowles	HR,	 Troiano	 R,	 Haskell	W.	 Assessment	 of	 physical	 activity	using	wearable	monitors:	 recommendations	 for	monitor	 calibration	and	use	 in	the	field.	Med	Sci	Sport	Exer.	2012;44(1	Suppl	1):S1-4.	91.	 Lyden	K,	Kozey	SL,	Staudenmeyer	JW,	Freedson	PS.	A	comprehensive	evaluation	of	 commonly	 used	 accelerometer	 energy	 expenditure	 and	 MET	 prediction	equations.	Eur	J	Appl	Physiol.	2011;111(2):187-201.	92.	 Lyden	K,	Keadle	SK,	Staudenmayer	 J,	Freedson	PS.	A	Method	 to	Estimate	Free-Living	 Active	 and	 Sedentary	 Behavior	 from	 an	 Accelerometer.	Med	 Sci	 Sports	
Exerc.	2013.	93.	 Freedson	 PS,	 Melanson	 E,	 Sirard	 J.	 Calibration	 of	 the	 Computer	 Science	 and	Applications,	Inc.	accelerometer.	Med	Sci	Sport	Exer.	1998;30(5):777-781.	
REFERENCES	
	 	  133		
94.	 Gennuso	 KP,	 Gangnon	 RE,	 Matthews	 CE,	 Thraen-Borowski	 KM,	 Colbert	 LH.	Sedentary	behavior,	physical	activity,	and	markers	of	health	in	older	adults.	Med	
Sci	Sports	Exerc.	2013;45(8):1493-1500.	95.	 Arnardottir	 NY,	 Koster	 A,	 Van	 Domelen	 DR,	 et	 al.	 Objective	 measurements	 of	daily	 physical	 activity	 patterns	 and	 sedentary	 behaviour	 in	 older	 adults:	 Age,	Gene/Environment	 Susceptibility-Reykjavik	 Study.	 Age	 and	 ageing.	2013;42(2):222-229.	96.	 Cain	 KL,	 Conway	 TL,	 Adams	MA,	Husak	 LE,	 Sallis	 JF.	 Comparison	 of	 older	 and	newer	 generations	 of	ActiGraph	 accelerometers	with	 the	 normal	 filter	 and	 the	low	frequency	extension.	Int	J	Behav	Nutr	Phys	Act.	2013;10:51.	97.	 Rothney	MP,	Brychta	RJ,	Meade	NN,	Chen	KY,	Buchowski	MS.	Validation	of	 the	ActiGraph	 two-regression	 model	 for	 predicting	 energy	 expenditure.	 Med	 Sci	
Sports	Exerc.	2010;42(9):1785-1792.	98.	 Santos-Lozano	A,	Santin-Medeiros	F,	Cardon	G,	et	al.	Actigraph	GT3X:	Validation	and	 Determination	 of	 Physical	 Activity	 Intensity	 Cut	 Points.	 Int	 J	 Sports	 Med.	2013.	99.	 Hansen	 BH,	 Kolle	 E,	 Dyrstad	 SM,	 Holme	 I,	 Anderssen	 SA.	 Accelerometer-determined	 physical	 activity	 in	 adults	 and	 older	 people.	Med	 Sci	 Sports	 Exerc.	2012;44(2):266-272.	100.	 Troiano	 RP,	 Berrigan	 D,	 Dodd	 KW,	 Masse	 LC,	 Tilert	 T,	 McDowell	 M.	 Physical	activity	 in	 the	 United	 States	measured	 by	 accelerometer.	Med	Sci	Sports	Exerc.	2008;40(1):181-188.	101.	 Matthew	CE.	Calibration	of	accelerometer	output	for	adults.	Med	Sci	Sports	Exerc.	2005;37(11	Suppl):S512-522.	102.	 Matthews	CE.	Physical	activity	in	the	United	States	measured	by	accelerometer:	comment.	Medicine	and	science	 in	 sports	and	exercise.	2008;40(6):1188;	 author	reply	1189.	103.	 Dixon-Ibarra	 A,	 Lee	 M,	 Dugala	 A.	 Physical	 activity	 and	 sedentary	 behavior	 in	older	adults	with	intellectual	disabilities:	a	comparative	study.	Adapt	Phys	Act	Q.	2013;30(1):1-19.	104.	 Orendurff	 MS,	 Schoen	 JA,	 Bernatz	 GC,	 Segal	 AD,	 Klute	 GK.	 How	 humans	walk:	bout	 duration,	 steps	 per	 bout,	 and	 rest	 duration.	 J	 Rehabil	 Res	 Dev.	2008;45(7):1077-1089.	105.	 Rothney	MP,	 Schaefer	 EV,	 Neumann	MM,	 Choi	 L,	 Chen	KY.	 Validity	 of	 physical	activity	 intensity	 predictions	 by	 ActiGraph,	 Actical,	 and	 RT3	 accelerometers.	
Obesity.	2008;16(8):1946-1952.	106.	 Ekblom	O,	Ekblom-Bak	E,	Rosengren	A,	Hallsten	M,	Bergstrom	G,	Borjesson	M.	Cardiorespiratory	 Fitness,	 Sedentary	 Behaviour	 and	 Physical	 Activity	 Are	Independently	 Associated	 with	 the	 Metabolic	 Syndrome,	 Results	 from	 the	SCAPIS	Pilot	Study.	PloS	one.	2015;10(6):e0131586.	107.	 Lynch	 EB,	 Liebman	 R,	 Ventrelle	 J,	 et	 al.	 Design	 of	 the	 Lifestyle	 Improvement	through	Food	 and	Exercise	 (LIFE)	 study:	 a	 randomized	 controlled	 trial	 of	 self-management	 of	 type	 2	 diabetes	 among	 African	 American	 patients	 from	 safety	net	health	centers.	Contemp	Clin	Trials.	2014;39(2):246-255.	
 
 
 
 
REFERENCES	
	 	  134		
 
		
135	
				
APPENDICES 		
  
APPENDICES	|			
	 	  136		
  
APPENDICES	|			
	 	  137		
APPENDIX ONE 	
 
PUBLICATIONS DURING CANDIDATURE 
 
PUBLISHED 
§ Aguilar-Farías N, Brown WJ, Peeters GMEE. ActiGraph GT3X+ cut-point for 
identifying sedentary behaviour in older adults in free living environments. 
Journal of Science and Medicine in Sport 2014; 17(3): 293-9.  
http://dx.doi.org/10.1016/j.jsams.2013.07.002 
§ Aguilar-Farías N, Brown WJ, Olds TS, Peeters GMEE. Validity of self-report 
methods for measuring sedentary behaviour in older adults. Journal of Science 
and Medicine in Sport 2014 http://dx.doi.org/10.1016/j.jsams.2014.08.004. 
SUBMITTED 
§ Aguilar-Farias N, Brown WJ, Skinner TL, Peeters GMEE. Metabolic 
equivalent values of common daily activities in middle age and older adults in 
free living environments. 
§ Aguilar-Farías N, Peeters GMEE, Brown WJ, Brychta RJ, Chen KY. 
Comparing ActiGraph equations for estimating energy expenditure in older 
adults. 
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APPENDIX TWO 
CONFERENCE ABSTRACTS 
Aguilar-Farías N, Brown WJ, Peeters GMEE. MET values of common daily 
activities in older adults in free living environments. 5th International Congress 
on Physical Activity and Public Health, Rio de Janeiro, Brazil. April 8-11th 2014. 
Purpose: To compare measured MET values of common daily activities in older adults with 
the Compendium of Physical Activities. 
Methods: 40 older adults (age=77.36 yr (SD=8.13, range 66 to 99 years), BMI=25.96 kg·m-2 
(SD=3.67)) completed a semi-structured protocol with 7 self-selected activities in their 
residences. Oxygen consumption (VO2) was measured using a portable indirect calorimeter. 
Two methods were used to define MET values: 1) Measured METs (M-METs): VO2 during 
activity/ VO2 at rest, and 2) Standard METs (S-METs): VO2 during activity/ 3.5 ml·kg·min−1. 
MET values obtained for this sample were compared with those in the Compendium using t-
test and relative difference between estimates. 
Results: In total 16 different activities were assessed. Compared with M-METs, 
Compendium values significantly underestimated washing dishes (-13.5%), but 
overestimated pruning (35.3%), sitting quietly (22.2%), mowing the lawn (9.3%) and 
vacuuming (10.2%). Compared with S-METs, Compendium values overestimated pruning 
(42.4%), sitting quietly (26.1%), mowing the lawn (16.8%), vacuuming (13.3%), sweeping 
floors (12.2%) and self-paced walking (6.5%). 
Conclusions: Whether standardised by measured or estimated resting VO2, Compendium 
values tended to overestimate actual energy expenditures for many house and yards tasks. 
Total daily energy expenditure may be significantly overestimated if Compendium MET 
values are used especially when a large proportion of the day is spent in sedentary 
behaviours, which is the case for many older adults.  
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Aguilar-Farías N, Brown WJ, Peeters GMEE, Brychta RJ, Chen KY. Predictive 
validity of ActiGraph equations for energy expenditure in older adults in free-
living environments. 5th International Congress on Physical Activity and Public 
Health, Rio de Janeiro, Brazil. April 8-11th 2014. 
Purpose: To compare the Freedson, Crouter and Santos-Lozano (vertical axis [VT] and 
vector-magnitude [VM]) equations for ActiGraph GT3X+ (AG) with indirect calorimetry for 
predicting energy expenditure (EE) in older adults in free-living environments. 
Methods: Forty older adults (age=77.36 yr (±8.13), BMI=25.96 kg·m-2 (±3.67) performed a 
semi-structured protocol with sitting, lying, walking and 4 self-selected household/gardening 
activities in their residence while wearing an AG and a portable indirect calorimeter 
(Metamax 3B). EE per activity, total physical-activity-related EE (PAEE) and total 
sedentary-behaviour-related EE (SBEE) predicted by the 4 equations were compared with 
measured EE in terms of standard error of the estimation (SEE), mean bias, and agreement in 
classification of physical activity levels.  
Results: Overall, the lowest SEE was found for Santos-Lozano VM (0.72 METs). For PAEE, 
Santos-Lozano VM had the lowest mean bias (-6.77 MET/h; 95%CI=-62.94, 49.40), while 
for SBEE, Crouter’s equation showed the lowest mean bias (11.04 MET/h; 95%CI=-33.49, 
55.58). All four equations had statistically significant agreement for categorising activities 
into PA levels, with the highest agreement found for Freedson’s equation (74.87%).	
Conclusions: None of the equations was clearly superior to the others. The selection of the 
equation depends on the research question, but if total EE per day is intended to be measured, 
equations with more accurate estimations for sedentary behaviour may be preferred as this 
behaviour accounts for at least 60-70% of the daily activity in older adults. Adjustments of 
these equations may improve accuracy for predicting EE in older adults. 
Keywords: accelerometry, indirect calorimetry, actigraphy 
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Aguilar-Farías N., Brown WJ, Peeters GMEE. Validity and reliability of 
subjective and objective instruments for measuring sedentary behaviour in 
older adults. 3rd International Conference on Ambulatory Measurement on 
Physical Activity and Movement 2013. June 17-19th.  
 
INTRODUCTION: Objective measurement has strengths in terms of validity when 
compared with self-report, but self-report is more practical for measuring sedentary 
behaviour (SB) in large-scale studies. Self-report can also provide contextual information 
about SB and use of time, which are useful when trying to interpret behaviours. However, 
little is known about the validity and reliability of objective and subjective measurement of 
sedentary behaviour in older adults. 
PURPOSE: To assess the reliability and validity of three instruments for measuring SB in 
older adults. 
METHODS: 41 community-dwelling older adults (14/27 male/female, 74.5±7.6 years) were 
visited twice. ActivPAL3TM (AP) and ActiGraph GT3X+ (AG) were worn during 7 
consecutive days.  A vector magnitude cut-point of <70 counts/15 seconds was applied for 
defining AG-measured SB. At the end of follow-up, participants completed (1) a single 
question (SQ) for sitting time on a usual weekday, weekend day and the last day of 
monitoring time, and (2) a computer-delivered 24-hour recall (24R) for the last two days of 
monitoring time. To assess reliability, the SQ and 24R were repeated at the end of the second 
visit and intraclass correlation (ICC) and standard error of measurement (SEM) were 
calculated. Validity for the three instruments was examined with Pearson’s correlation and 
Bland Altman plots with AP as the reference standard. 
RESULTS: For the SQ on an average day, weekday, weekend day and the last day, the ICC 
ranged from 0.64 to 0.79, with SEM ranging from 1.03 to 1.42 hr/day. ICC for 24R was 0.89 
for the last monitoring day and 0.72 for the second last day with SEM of 0.47 and 1.18 
hr/day, respectively. The SQ showed poor correlation with AP (r= 0.093 to 0.333), with a 
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mean difference of -3.53 hr/day (SD=2.33). In contrast, 24R showed moderate correlation 
with AP for both the last day (r=0.437, p=0.037), and the second last (r=0.620, p=0.008), 
with mean differences of 1.47 (SD 2.51) hr/day (last monitoring day) and 0.82 (SD 2.22) 
(second last day). Correlation was strong between AG and AP (0.81, p<0.001), the mean 
difference was -0.013 hr/day (SD 0.16), however, the limits of agreement were wide: -2.00 to 
1.97 hr/day. 
CONCLUSION: When using self-report instruments the 24R is more valid for measuring 
time spent in SB in older adults than the SQ, which considerably underestimates time spent 
in SB in older people. AG with a vector magnitude <70 counts/15 seconds is a valid method 
for measuring SB in populations, but individual variation was high. Additional analyses will 
be done to examine whether pattern recognition improves the validity of AG measurement in 
older adults. 
 
Supported by: The University of Queensland Early Career Researcher Grant 2010002155; 
GP – Australian NHMRC program grant 569940; NAF – The University of Queensland 
International post-graduate scholarship. 
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Aguilar-Farías N, Peeters GMEE, Brown WJ.  Actigraph GT3X+ threshold for 
classifying sitting/lying activity in older adults in free-living environments. 4th 
International Congress on Physical Activity and Public Health, Sydney 
Australia, October 31-November 3; 2012; 15(6, Supplement):269. 
INTRODUCTION: Several studies have shown that sedentary behaviour, defined as energy 
expenditure between 1 and 1.5 METs while sitting or lying, is related to increased risk of 
cardiovascular disease, cancer and premature mortality. Most of these studies have relied on 
self-reported sitting-time, but accelerometers (usually used for measuring physical activity) 
are now increasingly being used for measuring sedentary behaviour. Translating 
accelerometry counts into sedentary behaviour requires a cut-off value, but little is known 
about the optimal threshold for measuring sedentary time with tri-axial accelerometers, 
particularly in older adults. The purpose of this study was to examine the optimal threshold 
for ActiGraph GT3X + (ActiGraph LLC, Fort Walton Beach, FL) counts for defining 
sedentary time in older adults in free-living environments. Sitting/lying measured with 
activPAL3™ (Pal Technologies Ltd, Glasgow, UK) was used as the reference standard. 
METHODS: 27 participants (10 male and 17 female, 73.93 ± 1.48 yr old) wore two 
monitors for 7 consecutive days. These participants had a total of 161,774 minutes of data for 
both ActiGraph and ActivPAL™. Each minute was classified as either sitting/lying or 
standing/walking according to both accelerometers. For activPAL3™, sitting/lying was 
defined as 1) ≥40 seconds/minute (AP40) or 2) 60 seconds/minute of sitting/lying activity 
(AP60). For ActiGraph, the following cut-off values were used as the upper threshold for 
sitting/lying: 0, 25, 50, 75, 100, 125, etc., up to 400. A receiver operating characteristic 
(ROC) analysis was used to calculate sensitivity, specificity, % misclassified and area under 
the curve. 
RESULTS: For both ActivPAL™ conditions (i.e. AP40 and AP60), the highest AUCs were 
obtained for the 200 cut-off value (AUC for AP40 = 0.827, AUC for AP60 = 0.839). The 
sensitivity and specificity for this threshold were 85.62% and 79.81% for the AP40 condition 
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and 88.72% and 78.97% for the AP60 condition, respectively. The percentage correctly 
classified was approximately 83.5% for both conditions. 
DISCUSSION: The current results suggest 200 counts per minute is the optimal threshold 
for defining sedentary time for older people in free-living environments as measured with 
ActiGraph GT3X + . This threshold is markedly higher than recommended for uni-axial 
accelerometers. 
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APPENDIX THREE 
ORAL AND POSTER PRESENTATIONS 
 
Aguilar-Farías N, Peeters GMEE, Brown WJ. “Actigraph GT3X+ threshold for 
classifying sitting/lying activity in older adults in free living environments”. 4th 
International Conference on Physical Activity and Public Health. 31 October - 3 
November 2012, Sydney, Australia. Oral presentation. 
	
  
ActiGraph GT3X+ cut-point for 
identifying sedentary behavior in 
older adults 
Nicolás Aguilar Farías  
Wendy J Brown 
GMEE (Geeske) Peeters 
The work was supported by The University of Queensland Early Career Research Grant (ECR16; ID 
2010002155) and a National Health and Medical Research Council Program grant (ID569940). 
 
AIM 
To determine the optimal cut-point for ActiGraph GT3X+ 
counts for defining sedentary behaviour (SB) in older adults in 
free-living environments. Sitting/lying as measured with 
ActivPAL3™ was used as the reference standard. 
METHOD 
37 participants (13 male and 24 female, 73.5 ± 7.3 yr old) wore an 
AG and an AP for 7 consecutive days. 
 
AP 24hrs per day and AG in waking hours*.  
 
Wear and non-wear algorithms were applied. 
 
For AP, SB was defined as ≥40 seconds/minute of sitting/lying 
activity. 
 
For AG, SB was defined as VM counts/minute (cpm) below 17 
different cut-points including 0 and ≤25, 50, 75, 100, etc., to ≤400.  
 
 
Receiver operating characteristic analysis (ROC) and Bland-
Altman method were used to calculate accuracy and agreement. 
RESULTS 
Average total time in SB per day was 590.8 minutes 
(SD 36.1), as measured by the AP. 
 
ROC analysis 
–  ≤200 cpm 
•  Sensitivity (85.7%) and specificity (79.8%)  
•  Highest AUC 0.83 
•  Correctly classified 83.5% 
–  ≤100 cpm 
•  Sensitivity (78.5%) and specificity (84.8%)  
•  AUC 0.82 
•  Correctly classified 80.8% 
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CONCLUSION 
•  The AG ≤200 cut-point resulted in the highest accuracy and 
lowest percentage bias, compared to ActivPAL3™.  
•  This cut-point is higher than previously reported cut-points for 
measuring SB in younger samples.  
•  High levels of sedentary behaviour may have health 
implications for the older adult population and accurately 
measuring both SB and PA in one monitor is desirable. 
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Aguilar-Farías N, Peeters GMEE, Brown WJ. “Reliability and validity of 
subjective and objective instruments for measuring sedentary behaviour in older 
adults”. 3rd International Conference on Ambulatory Monitoring of Physical 
Activity Movement. ICAMPAM 2013. June 17-19th, Amherst, USA. Poster 
presentation. 
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Aguilar-Farías N. “Physical activity and Sedentary Behaviour in older adults”. 
XXI Annual Conference on Internal Medicine, Universidad de La Frontera. 
March 27-28th 2014. Temuco, Chile. Invited speaker. 
      
						 	
       
 
 
ACTIVIDAD 
FÍSICA Y 
CONDUCTA 
SEDENTARIA EN 
EL ADULTO 
MAYOR 
NICOLÁS AGUILAR-FARÍAS 
!  Nivel insuficiente de actividad 
física de intensidad moderada o 
vigorosa (MVPA) basado en las 
recomendaciones de AF. 
Inactivo o sedentario 
Distinto de: 
Decline in physical functioning with age, by baseline level of 
physical activity 
70 78 84 
Figure 1. Leisure time 
physical activity level 
and hazard ratios for 
mortality and gains in 
life expectancy after 
age 40. 
Moore SC, Patel AV, Matthews CE, Berrington de Gonzalez A, et al. (2012) Leisure Time Physical Activity of Moderate to 
Vigorous Intensity and Mortality: A Large Pooled Cohort Analysis. PLoS Med 9(11): e1001335. doi:10.1371/journal.pmed.
1001335 
http://www.plosmedicine.org/article/info:doi/10.1371/journal.pmed.1001335 
7.5 MET-hr= 450 MET/min 
Proportion of subjects with more than one 
MVPA10+ bouts by age groups and gender 
Arnardottir N Y et al. Age Ageing 2013;42:222-229 
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Aguilar-Farías N, Brown WJ, Peeters GMEE. MET values of common daily 
activities in older adults in free-living environments. 5th International Congress 
on Physical Activity and Public Health, Rio de Janeiro, Brazil. April 8-11th 2014. 
Oral presentation. 
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Aguilar-Farías N, Brown WJ, Peeters GMEE, Brychta RJ, Chen KY. Predictive 
validity of ActiGraph equations for energy expenditure in older adults in free-
living environments. 5th International Congress on Physical Activity and Public 
Health, Rio de Janeiro, Brazil. April 8-11th 2014. Oral presentation. 
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Aguilar-Farias N. “Measuring physical activity and sedentary behaviour”. 
Seminar on Physical Activity and Health, Universidad de La Frontera. April 
15th 2014. Temuco, Chile. Oral presentation. 
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Aguilar-Farías N. “Understanding physical activity in older adults: 
measurement methods and determinants”. Annual meeting and International 
Congress on Physical Activity and Public Health. RAFA-PANA 
(Latinoamerican network on physical activity). August 28-29th 2014, Santiago, 
Chile. Oral presentation. 
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Acelerometría como método 
objetivo de medición de la 
actividad física en la población 
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Nicolás Aguilar-Farías 
Departamento Educación Física, Deportes y Recreación  
Universidad de La Frontera 
Por qué medir? 
Vigilancia 
Epidemiológica 
Determinantes 
y 
consecuencias 
Métodos para 
evaluar 
intervenciones 
Diseñar 
recomendaciones 
ajustadas a 
necesidades y 
niveles óptimos 
Población vs individuo 
Acelerómetros 
Aguilar-Farias N. “Accelerometry as objective measurement method in physical 
activity in Chilean population”. 1st Physical Activity and Health Conference, 
Universidad San Sebastián, August 13-14th 2015, Santiago, Chile. Invited 
speaker. 			
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APPENDIX FOUR 
 
PUBLICATIONS RELATED TO BUT NOT INCLUDED IN 
CANDIDATURE 
 
PAPERS PUBLISHED (ABSTRACTS) 
Peeters GMEE, Van Gellecum Y, Ryde G, Aguilar-Farías N, Brown WJ. Is the 
pain of activity log-books worth the gain in precision when distinguishing wear 
and non-wear time for tri-axial accelerometers? Journal of Science and 
Medicine in Sport 2013;16(6):515-519. 
OBJECTIVE: To compare three methods for assessing wear time from accelerometer data: 
automated, log-books and a combination of the two.  
DESIGN: Cross-sectional study.  
METHODS: Forty-five office workers wore an Actigraph GT3X accelerometer and kept a 
detailed activity log-book for 7 days. The automated method used six algorithms to 
determine non-wear time (20, 60, or 90min of consecutive zero counts with and without 2-
min interruptions); the log-book method used participant recorded on/off times; the combined 
method used the 60-min automated filter (with ≤2min interruptions) plus detailed log-book 
data. Outcomes were number of participants with valid data, number of valid days, estimates 
of wear time and time spent in sedentary, light, moderate and vigorous activity. Percentage 
misclassification, sensitivity, specificity, and area under the receiver-operating curve were 
compared for each method, with the combined method as the reference.  
RESULTS: Using the combined method, 34 participants met criteria for valid wear time 
(≥10h/day, ≥4 days). Mean wear times ranged from 891 to 925min/day and mean sedentary 
time s from 438 to 490min/day. Percentage misclassification was higher and area under the 
receiver-operating curve was lower for the log-book method than for the automated methods. 
Percentage misclassification was lowest and area under the receiver-operating curve highest 
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for the 20-min filter without interruptions, but this method had fewer valid days and 
participants than the 60 and 90-min filters without interruptions.  
CONCLUSIONS: Automated filters are as accurate as a combination of automated filters 
and log-books for filtering wear time from accelerometer data. Automated filters based on 
90-min of consecutive zero counts without interruptions are recommended for future studies. 
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Aguilar-Farias N, Leppe JE. How active and sedentary is the Chilean 
population?. Medicine and Science in Sports and Exercise 2014 46(5S): 769–787. 
DOI: 10.1249/01.mss.0000451266.56304.a3 
PURPOSE: Most of the evidence in physical activity (PA) and sedentary behaviour (SB) has 
been obtained from developed countries; however in order to promote and improve global 
and local interventions, evidence from developing countries is needed. The purpose of this 
study was to describe the PA levels and SB in the Chilean population. 
METHODS: In 2009, a National Health Survey (ENS2010) was conducted in Chile in a 
randomized and representative sample of each of the 13 regions (urban and rural). 
Participants were visited twice for collection of demographic data and laboratory tests. The 
Global Physical Activity Questionnaire (GPAQ) was used to measure PA and SB. In 
addition, a randomized subsample wore an ActiGraph GT3X (AG) for at least 7 days. 
RESULTS: A total of 5196 adults (40.0% male; age= 47.9(SD 18.0); BMI= 28.1 kg•m2 (SD 
5.4)) completed the ENS-2010. Overall, GPAQ showed that 33.9%, 19.1% and 47.0% had 
low, moderate and high PA levels, respectively. Accumulated PA totalled 68% while 
working, 25% during transportation, and 7% in leisure activities. Only 15% reported leisure 
PA and 92.7% do not perform 30 or more minutes of PA at least 3 times per week. Based on 
AG data (N=207; 44% male; age=45.1 (SD 14.8); BMI= 27.4 kg•m2 (SD 4.8)), the mean 
times spent in sedentary, light, moderate, and vigorous activities were 553 (SD=171), 317 
(SD=98), 35 (SD=26) and 5 (SD=8) min•d-1, respectively. When moderate to vigorous PA 
(MVPA) was calculated for ≥10-min bouts, 5.8% met the PA guidelines (MVPA>150 
min•wk-1); in contrast, when each minute of MVPA was included, 71.0% met the PA 
guidelines. 
CONCLUSIONS: Despite more than half of the Chilean population having achieved 
moderate to high levels of PA as measured with self-report, a large proportion do not practice 
any PA during leisure time and a large part of the time spent in PA during a week is 
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attributable to work. Like citizens of developed countries, Chileans spend, overall, 60% of 
their daily time in SB, and accumulate MVPA mostly in bouts of short duration. 
Aguilar-Farías N, Martino-Fuentealba P, Silva-Espinoza M. Objectively 
measured physical activity and sedentary behavior patterns in Chilean 
preschoolers. Nutrición Hospitalaria 2015. In press. 
INTRODUCTION: The negative effects of physical inactivity and sedentary behaviour 
(SB) on children’s health have been widely supported by evidence. However, evidence on 
how these behaviours are manifested in pre-school children is limited. The study aim was to 
evaluate objectively measured physical activity (PA) and SB patterns in Chilean pre-school 
children. 
METHODS: Twenty-five children (4.8 ± 0.50 years, 48% male) completed ambulatory 
monitoring with an ActivPALTM micro accelerometer and inclinometer. Time spent while 
walking, standing and sitting/lying, as well as daily steps were measured and compared by 
day of the week (weekday/weekend) and time of day. 
RESULTS: Mean walking time was 147.2±52.23 minutes/day. Mean time spent in SB was 
468.3±92.22 min/day, with statistical differences between week and weekend days (484.8 
minutes/day vs. 426.8 minutes/day, p=0.03). 50% of total steps were accrued in 
accumulations of less than 100 steps/minute, while 50% of time spent in SB was accumulated 
in bouts of 35 seconds or less.  
DISCUSSION: Pre-school children have intermittent PA and SB patterns. On weekdays 
children spent sitting longer than at weekends, therefore an opportunity exists for changing 
this behavior during class time. This report on PA and SB patterns presents valuable 
information for designing and implementing strategies to enhance PA levels and decrease 
time spent in SB among pre-school children. 
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PAPERS SUBMITTED (Abstracts) 
Peeters GMEE (Geeske), Aguilar-Farias N, Brown WJ. Measuring sedentary 
time in older people: which method is preferred?. In review 
Background: The aim was to examine aspects of feasibility, acceptability and preferences 
relating to different  measures of sedentary behaviour in older adults.   
Methods: 41 older adults (aged 65-93) completed a single question (SQ) and a 24-hour recall 
(24HR), and wore an ActivPAL3TM (AP) and Actigraph GT3X+ (AG) monitor for 7 days. 
They also answered questions about preferred instrument, problems/complaints, and reasons 
for non-compliance with the monitor wear-protocol.  
Results: One participant dropped out due to illness; other missing values were due to 
technical failure (AP, n=3), incorrect placement (AP, n=1) and illness (AG, n=1). Six 
participants refused to complete the 24HR. Median time to complete was 2 (Interquartile 
range [IQR]=1-3) minutes for the SQ and 17 (IQR=12-22) minutes for the 24HR. Reasons 
for incomplete monitor wear-time were ‘forgot’ (AG), ‘travel’ and ‘no reason’ (AP). The 
majority perceived no problems with wearing the monitors (AP=95%, AG=73%). Reported 
problems included discomfort, skin problems, difficulty putting it on, and falling off. The 
rank order of most to least preferred was AP, AG and SQ/24HR. 
Conclusions: In this sample of older adults, activity monitors were well tolerated and 
preferred over self-report, regardless of the time needed to complete the questions. 
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Aguilar-Farías N, Leppe JE. Is a single question of the Global Physical Activity 
Questionnaire (GPAQ) valid for measuring sedentary behaviour in the Chilean 
population?. In review 
OBJECTIVE: To assess the validity of the Global Physical Activity Questionnaire (GPAQ) 
for measuring sedentary behaviour (SB) in the Chilean adult population. 
METHODS: 217 adults (93/124 male/female, 43.8±15.75) who were randomly selected 
during National Health Survey 2009-2010 completed the protocol. The participants wore an 
ActiGraph GT3X (AG) for at least 7 consecutive days and then completed the Spanish 
version of the GPAQ which includes one single-item question for measuring time spent 
sitting in a usual day. Validity was examined using Spearman’s correlation, mean bias and 
limits of agreement (LoA), with AG (vertical axis <100 counts/minute) as the reference 
standard. Agreement between the GPAQ and AG for classifying data into quartiles and 
tertiles was assessed with kappa method. 
RESULTS: The GPAQ showed poor correlation with AG (r=0.23, p<0.001), with mean bias 
of -293.9 min/day and 95% LoA ranging from -768.9 to 181.2 min/day. Agreement between 
the GPAQ and AG was fair but significant for categorising time spent in SB into tertiles 
(45.5%, k=0.18, p<0.001) and quartiles (31.3%, k=0.08, p=0.01). For tertiles, nearly 1 out of 
2 participants were correctly classified into the lowest and highest quantiles, while for 
quartiles 1 out of 3 and 2 out of 5 were correctly classified into the lowest and highest 
quantiles, respectively. 
CONCLUSION: The single question from the GPAQ has poor validity for measuring SB. 
However, this item seems to be valid for categorising participants into quantiles of SB 
estimates in population studies. 
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APPENDIX FIVE 	
PRESENTATIONS RELATED TO BUT NOT INCLUDED IN 
CANDIDATURE 
Aguilar-Farías N, Leppe JE. Validity of the GPAQ for measuring sedentary 
behaviour in a Chilean adult population. 5th International Congress on Physical 
Activity and Public Health, Rio de Janeiro, Brazil. Poster presentation. 
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Aguilar-Farias N, Leppe JE. How active and sedentary is the Chilean population?. 
American College of Sports Medicine 61st Annual Meeting and 5th World 
Congress on Exercise is Medicine. Poster presentation. 
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APPENDIX SIX 
 
PRESENTATIONS IN THE COMMUNITY 
Aguilar-Farías N. “Sedentary behaviour and Health”. Heart Foundation, 
Brisbane, Australia. July 9th 2013 
Presentation slides examples 
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APPENDIX SEVEN 
 
 
 
 
 
 
 
STUDY MATERIAL: “THE TIME OF YOUR LIFE” 
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The Time of your Life Study 
 
 
 
 
 
 
 
 
 
 
If so, please consider participating in the 'Time of Your Life' study being 
conducted by staff and students of the School of Human Movement 
Studies at the University of Queensland beginning in June 2011. 
 
How do you benefit from participating? 
If you qualify and take part, we will report back to you on your activity 
patterns and, if you request it, provide you with a set of recommendations 
from a physiotherapist. You will also receive a brochure on activity and 
health, plus, when the study is completed, a newsletter detailing the 
results of this research. 
Help yourself by learning about your patterns of activity.  
Help us help others through this research effort.  
 
 
 
 	
Are you: 
• 65 years of age or older? 
• Interested in how physical activity influences your health? 
• Willing to help us learn about your activity patterns and those of 
others? 	
For more information or to register to take part, please contact: 
• Nicolas Aguilar on Tuesdays or n.aguilar@uq.edu.au  
• Robert Hill at 7 3846 6655 on Wednesdays or hill.bob07@gmail.com  
• Geeske Peeters at 7 3346 9999 on Fridays or g.peeters@uq.edu.au  
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Subject: The time of your life	
 
Dear madam/sir, 
 
The University of Queensland, School of Human Movement studies is conducting a scientific 
study to find the best way to measure time use in people aged 65 years and older. The 
research team would like to invite you to participate in this study.  
 
In the attached information sheet, we explain why this study is important and what it means 
for you to participate. Please carefully read all the information. Within one week, a member 
of our staff will contact you to talk about your willingness to participate in this study. 
 
Should you require any additional information, please do not hesitate to contact us. 
 
Thank you for considering participating in this study. 
 
Yours sincerely, 
 
Geeske Peeters Nicolas Aguilar Robert Hill 
Research Fellow Research assistant Research student 
 
Phone 07 336 56094 Mobile 0422 336 563 Email: n.aguilar@uq.edu.au 
 
 
 
School	of	Human	Movement	Studies	Research	Fellow	Dr	Geeske	Peeters	Telephone		(07)	3365	6094	International		+61	7	3365	6094		Facsimile		(07)	3365	6877	 	Email		n.aguilar@uq.edu.au	Internet		www.hms.uq.edu.au		
CRICOS	PROVIDER	NUMBER	00025B		
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The time of your life 
 
What is this study about? 
The typical prejudice that young people have of older people is that older people sit in 
their chair all day. We would like to know whether this is true. We want to study what 
older people do during the day and how that relates to their health. To be able to 
conduct this type of research, accurate instruments to measure time use are needed. 
Time use can be measured using various instruments, but it is unknown which of 
these instruments is the best one. This study evaluates which of a choice of four is the 
most accurate and feasible instrument to measure time use. 
 
Who can participate? 
If you are 65 years or older and live in the community or in a retirement village in the 
Brisbane area, you are welcome to participate. Because participants will be asked to 
talk about their activities during the last week, we advise people with severe memory 
problems not to participate. If you are unsure whether you are eligible for this study, 
please contact one of the researchers. 
 
What does participation involve? 
If you agree to participate in this study, the research assistant will visit you twice at 
your home. The first visit will take less than an hour, the second visit will take about 2 
hours. Appointments for the home visits will be made on days and times that suit your 
schedule. The second visit will take place on the 8th day after the first home visit.  
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During the first visit, the research assistant will ask you questions about your health 
and daily activities. Next, the assistant will give you two small devices called activity 
monitors and ask you to wear the monitors until the second home visit 8 days later. 
One of the monitors will be attached to your thigh with a skin friendly adhesive strip 
(see Figure 1). The other monitor will be worn on a belt around the waist. The 
assistant will give you detailed instructions on when to wear, and not to wear, the 
devices and how to put it on and off. In general, you will be asked to wear the belt 
monitor during all waking hours but not while swimming, showering or bathing. To 
your preference the belt can be worn on top of or underneath your clothes. The thigh 
monitoris waterproof and can safely be worn in all circumstances. You will also be 
given a logbook in which we ask you to write down each day at what time you put the 
belt-monitor on and took it off.  
 
 
 
During the second home visit, the assistant will collect the two activity monitors and 
the logbook. Next, you will be asked some questions regarding your activities in the 
preceding week and about your experience with the different instruments used to 
measure time use. Also, you will be asked to perform three short tests to assess your 
physical capacities. 
 
 
	
Figure	1	 -	The	person	on	 this	 picture	wears	 two	 activity	 monitors:	 one	 on	the	thigh	and	one	on	a	belt	around	the	waist.	
	
APPENDICES	|			
	 	  166		
What are the benefits and risks of participation? 
We are grateful for your willingness to participate and the time and information you 
give us. Without your contribution, this study would not be possible. To show our 
appreciation, we offer you a personal summary of your activity pattern. At the end of 
the study, we will send you a newsletter in which we will explain the results from this 
study. 
Apart from your personal benefits, the study will yield important scientific 
information that will facilitate future studies on time use and health of older adults. 
The outcomes of these studies will help us to improve clinical guidelines and lifestyle 
recommendations for your own and future generations.  
There are no risks associated with this study other than those associated with daily 
life. The activity monitors we use are advanced devices that collect detailed 
information about activity patterns. They are used worldwide for research purposes, 
but not for personal use. If you participate, you are requested to wear the two activity 
monitors for one week.  
 
How do we deal with your privacy? 
This study has been cleared by one of the human ethics committees of The University 
of Queensland in accordance with the National Health and Medical Research 
Council's guidelines. If you would like to speak to an officer of the University not 
involved in the study, you may contact the Ethics Officer Mr Michael Tse on 07 3365 
3924. 
At the beginning of the first home visit and before we collect any data, you will be 
given a participant consent form. This form explains that participation is completely 
voluntary and you can withdraw at any time without explanation. 
The information you provide to us will be confidential and safely stored in a locked 
cabinet at the University. The data will be analysed and reported on a group level only 
and personal identification will not be possible. Personal information such as your 
name and address will not be handed over to third parties and will be gathered only 
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for administrative purposes to enable communication between you and our staff for 
the duration of the study.  
Who are the researchers? 
The study is conducted by staff from The University of Queensland, School of 
Human Movement Studies. The study is coordinated by Dr Geeske Peeters (Research 
Fellow) and assistance is given by Nicolas Aguilar (Research assistant) and Robert 
Hill (Research student). Other researchers involved are Professor Wendy Brown, Dr 
Jannique van Uffelen (Research Fellow) and Paul Gardiner (Research Fellow) 
 
What to do if you want to participate? 
We intend to contact you within one week after receiving this information sheet to 
discuss your participation. If you wish to participate, appointments will be made for 
the first and second home visits. If you decide not to participate, no further action will 
be taken.  
 
Other questions? 
You are welcome to contact one of our staff for any questions or concerns during 
office hours. 
 
Phone: 07 3365 6094   
Mobile: 0422 336 563 
Email: n.aguilar@uq.edu.au 
 
With kind regards, 
Nicolas Aguilar    
Robert Hill  
Dr Geeske Peeters  
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Questionnaire home visit 1 
 
Participant ID 
 
Date of visit (dd/mm/yyyy) 
 
ID number Actigraph 
 
ID number ActivPAL 
 
 
 
The following questions help us understand the different types of people 
involved in our research. 
 
What is your gender? O male O female 
 
In what year were you born? 
 
In which country were you born? 
O Australia 
O Other English speaking country (eg UK, New Zealand, USA, South Africa) 
O Non-English speaking country in Europe (eg Italy, Greece) 
O Non-English speaking country in the Middle East or Asia (eg Iran, Thailand, 
Japan) 
O Non-English speaking country in South America or Africa (eg Brazil, Somalia) 
O Other, please specify: ___________________________________________ 
 
Which of the following best describes your marital status? 
O Single  
O Divorced 
O Widowed 
O Married or De facto 
 
Do you live: 
O Alone 
O With partner 
O With others 
 
	
/	 /	
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Which of the following best describes your living situation? 
O Community 
O Retirement village 
O Other, please specify: __________________________________________ 
 
What is the highest qualification you have completed? 
O No formal education 
O No formal qualifications after school  
O Trade certificate/apprenticeship 
O Certificate/Diploma 
O University degree 
O Higher University/Postgraduate degree 
 
How do you manage on the income you have available?	
O It is impossible	
O It is difficult all of the time	
O It is difficult some of the time	
O It is not too bad	
O It is easy	
 
The following questions are about your health. 
 
In general would you say your health is: 
O poor 
O fair 
O good 
O very good 
O excellent 
 
How tall are you without shoes?                                              centimetres   
                                                                                                 feet/inches 
 
How much do you weigh without clothes or shoes? 
                                                                                                  Kilograms 
                                                                                                  stones/pounds 
 
Please, could I measure your waist circumference? 
                                                                                                 centimetres 
                                                                                                 centimetres 
 
		 /	
		 /	
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In the last 12 months, have you been diagnosed as having or been treated 
for: 
 Yes No Don’t 
know 
High blood pressure (hypertension) O O O 
Diabetes (high blood sugar) O O O 
Angina / Heart attack / other heart problems O O O 
Asthma / Bronchitis / Emphysema O O O 
Osteoarthritis O O O 
Rheumatoid arthritis O O O 
Osteoporosis O O O 
Parkinson’s Disease O O O 
Stroke O O O 
Macular Degeneration / Glaucoma / Cataract O O O 
Cancer O O O 
Depression / Anxiety O O O 
 
In the last two weeks, have you had any of the following problems? 
                                                              Never       Rarely    Sometimes    Often 
Stiff or painful joints                                   O O O O 
Back pain                                                   O O O O 
Problems with one or both feet                  O O O O 
Breathing difficulty                                     O O O O 
Indigestion / heartburn                               O O O O 
Chest pain                                                 O O O O 
Poor memory                                            O O O O 
Dizziness, loss of balance                        O O O O 
Leaking urine                                            O O O O 
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Activities you might do during a typical day - Because of a health or physical 
problem, do you have difficulty doing any of the following activities? 
No 
difficulty 
Some 
difficulty 
Unable 
to do 
Not 
relevant 
Bathing or showering O O O O 
Dressing yourself O O O O 
Eating O O O O 
Getting into  or out of  chairs or your 
bed 
O O O O 
Using the toilet (including getting to the 
toilet) 
O O O O 
Walking across a room O O O O 
Getting outside O O O O 
Preparing your own meals O O O O 
Shopping for groceries or personal 
items 
O O O O 
Managing your money: keeping track, 
paying bills, etc. 
O O O O 
Making phone calls O O O O 
Doing light housework such as washing 
dishes straightening up, or light 
cleaning 
O O O O 
Doing heavy housework such as 
scrubbing floors, washing windows, or 
doing heavy home repairs 
O O O O 
Getting to places outside of walking 
distance  
O O O O 
Managing your medications O O O O 
 
 
The last questions are about how you deal with difficult situations in life. 
The following questions are open end questions and to capture the full 
content of your answer, I would like to record this part of the interview. Are 
you comfortable with that?  
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Please think of a time in the recent past (within five years or so) when you 
were faced with a difficult situation in your life, one that you would feel 
comfortable telling me about. What was involved? How difficult was it for you? 
What did you do? Did you have help that made a difference? Did you find 
resources within yourself that made a difference? 
 
Please think of a time during an earlier chapter of your life when you were 
faced with a difficult situation, one that you would feel comfortable telling me 
about. What was involved? How difficult was it for you? What did you do? Did 
you have help that made a difference? Did you find resources within yourself 
that made a difference? 
 
What part has physical activity played in your life? 
 
If you had to deal suddenly with a serious difficulty, what resources, strengths, 
or help could you call upon? 
 
On the scale below, with 1 meaning 'terrible' and 7 meaning 'wonderful,' how 
do you rate your satisfaction with your life to this point? 
 
1 2 3 4 5 6 7 
terrible      wonderful 
              
 
On the scale below, with 1 meaning 'worse than my life so far' and 7 meaning 
'better than my life so far', how do your rate your expectations for the next 5 
years of your life? 
 
1 2 3 4 5 6 7 
worse than 
my life so far 
     better than 
my life so 
far 
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Questionnaire home visit 2 
 
Participant ID 
 
Date of visit (dd/mm/yyyy) 
  
ID number Actigraph 
 
ID number ActivPAL 
 
 
The next questions are about your activity patterns during the past week.  
 
Interviewer – report current time (hh:min) 
 
How many hours each day do you typically spend sitting down while doing things like 
visiting friends, driving, reading, watching television, or working at a desk or 
computer? 
 
- On a usual week day                                                                           hours 
 
- On a usual weekend day                                                                     hours 
 
 
Interviewer – report current time (hh:min) 
 
How many hours did you spend sitting down yesterday while doing things like 
visiting friends, driving, reading, watching television, or working at a desk or 
computer? 
 
- Yesterday                                                                                              hours 
 
 
 
 
 
 
 
 
	
/	 /	
		
	
	 :	
	 :	
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If you add up all the times you spent in each activity last week, how much time did 
you spend altogether doing each type of activity? 
 
- Walking briskly (for recreation or exercise, or to get                             
from place to place) 
 
- Moderate leisure activity (like social tennis,  
Moderate exercise classes, recreational swimming,  
dancing) 
 
- Vigorous leisure activity (that makes you breathe harder 
or puff and pant like aerobics, competitive  
sport, vigorous cycling, running, swimming) 
 
- Vigorous household or garden chores (that make you  
breathe harder or puff and pant) 
 
Was the last week a usual week in terms of the activities that you did? 
O Yes  
O No, because 
___________________________________________________________________ 
___________________________________________________________________ 
 
48-hour recall 
 
Interviewer – report current time (hh:min) 
 
Instruction: “I would like to talk with you about what you did during the whole day 
yesterday and the day before. Please look at this time line and indicate what time 
you woke up on <<the day before yesterday>>, had your meals and went to bed.”  
 
 
 
	 :	
	 :	
	 :	
	 :	
	 :	
APPENDICES	|			
	 	  175		
 “Now that you have roughly segmented your day, please think about what you did 
during each of these segments. There is a list of activities that you can choose from, 
the activities are grouped into categories of inactivity, sport/recreation, occupation, 
self-care, home activities and other. After you selected an activity, you will be asked 
to nominate its intensity (light, medium, hard).” 
 
“Now that you have completed what you did <<the day before yesterday>>, I would 
like to go through the same procedure with you for yesterday. Please indicate what 
time you woke up on <<yesterday>>, had your meals and went to bed.” 
 
 “Now that you have roughly segmented your day, please think about what you did 
during each of these segments. Again, you can choose activities from these category 
lists. After you selected an activity, you will be asked to nominate its intensity (light, 
medium, hard).” 
 
Interviewer – report current time (hh:min) 
 
 
Next, I would like to ask you do three tests to assess your physical capacities. 
 
5 times chair stands test  
Instruction: “Please sit down on a regular kitchen chair with your arms folded in front 
of your chest. Stand up and sit down 5 times without using your hands, as fast as 
you can, but you are allowed to rest if needed. I am going to record the time you 
need to complete this test. You may start when I say when.” 
 
- Able to perform the test: O Yes O No 
 
- How many sit to stands were completed: times 
 		
	 :	
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- Time needed to complete the test: seconds 
 
- Particularities: __________________________________________________ 
 
Walk test 
Instruction: “Please walk along this line, turn and then walk back. Walk as fast as you 
can without running.”  
Use of a walking aid is allowed if the participant normally uses this aid while walking 
outdoors. 
 
- Able to perform the test: O Yes O No 
 
- Time needed to complete the test: seconds 
 
- Used a walking aid:  O cane  O crutches O 
walker 
 
- Particularities: __________________________________________________ 
 
Tandem stance 
Instruction: “The last test is a balancing task. Put one foot in front of the other, heel 
against toe, and hold this position for at least 10 seconds. You cannot use the wall or 
furniture for support except for when you think you are losing your balance.” 
 
- Able to perform the test: O Yes O No 
 
- Time position was held (max 10 sec): seconds 
(max 10) 
 
- Particularities: __________________________________________________ 
 
 
The next questions are about how you deal with certain situations in life.  
 
1. Do you have the feeling that you don’t really care about what goes on around you?  
1 2 3 4 5 6 7 
Very seldom 
or never 
     Very often 
 
2. Has it happened in the past that you were surprised by the behaviour of people 
whom you thought you knew well?  
1 2 3 4 5 6 7 
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Never 
happened 
     Always 
happened 
 
3. Has it happened that people whom you counted on disappointed you? 
1 2 3 4 5 6 7 
Never 
happened 
     Always 
happened 
 
4. Until now your life has had:  
1 2 3 4 5 6 7 
No clear goals 
or purpose 
     Very clear goals 
at all and purpose 
 
5. Do you have the feeling that you’re being treated unfairly? 
1 2 3 4 5 6 7 
Very often      Very seldom 
or never 
 
6. Do you have the feeling that you are in an unfamiliar situation and don’t know what 
to do? 
1 2 3 4 5 6 7 
Very often      Very seldom 
or never  
 
 
 
 
7. Doing the things you do every day is:  
1 2 3 4 5 6 7 
A source of 
deep 
pleasure and 
satisfaction 
     A source of 
pain and 
boredom 
 
8. Do you have very mixed-up feelings and ideas?  
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1 2 3 4 5 6 7 
Very often      Very seldom 
or never 
 
9. Does it happen that you have feelings inside you would rather not feel?  
1 2 3 4 5 6 7 
Very often      Very seldom 
or never 
 
10. Many people – even those with a strong character – sometimes feel like sad 
sacks 
(losers) in certain situations. How often have you felt this way in the past?  
1 2 3 4 5 6 7 
Never      Very often 
 
11. When something happened, have you generally found that:  
1 2 3 4 5 6 7 
You overestimated 
or underestimated 
its importance 
     You saw things 
in the right 
proportion  
 
12. How often do you have the feeling that there’s little meaning in the things you do 
in your daily life?  
1 2 3 4 5 6 7 
Very often      Very seldom 
or never 
 
 
 
13. How often do you have feelings that you’re not sure you can keep under control? 
1 2 3 4 5 6 7 
Very often      Very seldom 
or never 
 
14. Thus far in my life, when I have been faced with difficult circumstances, I have 
managed or adapted… 
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1 2 3 4 5 6 7 
Poorly   Neither poorly 
nor well 
  Well 
 
15. Thinking of the next 12 months, I expect my life will bring … 
1 2 3 4 5 6 7 
More changes 
than I can manage 
     No change 
that I can't 
manage 
 
 
 
 
We realize that we have many questions for you to answer. The remaining part 
of this interview will take about 1 hour. If you want, we can have a 30 minutes 
break now.   
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The following questions are about the measurement of sitting time and your 
experience with the different instruments that we used. 
 
How many days did you wear the monitor on your thigh?                                 Days 
 
If <7 days - What was the reason for not wearing the thigh monitor on the other 
days? 
___________________________________________________________________
___________________________________________________________________ 
 
Did you experience any problems with the monitor on your thigh? 
 O no problems 
 O uncomfortable 
 O skin problems/itchy 
 O hindered toileting 
 O came off/didn’t stick well enough 
 O looks 
 O comments from other people 
 O other problems/comments: 
___________________________________________________________________ 
 
 
How many days did you wear the monitor on the belt?                                      Days 
 
If <7 days - What was the reason for not wearing the belt monitor on the other days? 
___________________________________________________________________
___________________________________________________________________ 
 
Did you experience any problems with the belt monitor? 
 O no problems 
 O uncomfortable 
 O skin problems/itchy 
 O time consuming 
 O difficulty putting it on/taking it off 
 O forgot to put in on/take it off 
 O hindered toileting 
 O looks 
 O comments from other people 
 O other problems/comments: 
__________________________________________________________________ 
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If you would participate in a next study, which method of measurement would you 
prefer? Please rank from 1 to 4 with the most preferred one first (1): 
 
single question  
24-hour recall  
activity monitor on belt  
activity monitor on leg  
 
 
 
I would like to repeat some of the questions about your activity patterns during 
the past week to evaluate how accurate these questions are.  
 
How many hours each day do you typically spend sitting down while doing things like 
visiting friends, driving, reading, watching television, or working at a desk or 
computer? 
 
- On a usual week day hours 
 
- On a usual weekend day hours 
 
How many hours did you spend sitting down yesterday while doing things like 
visiting friends, driving, reading, watching television, or working at a desk or 
computer? 
 
- Yesterday hours 
 
 
48-hour recall 
 
Instruction: “I would like to talk with you about what you did during the whole day 
yesterday and the day before. Please look at this time line and indicate what time 
you woke up on <<the day before yesterday>>, had your meals and went to bed.”  
 
 “Now that you have roughly segmented your day, please think about what you did 
during each of these segments. There is a list of activities that you can choose from, 
the activities are grouped into categories of inactivity, sport/recreation, occupation, 
self-care, home activities and other. After you selected an activity, you will be asked 
to nominate its intensity (light, medium, hard).” 
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“Now that you have completed what you did the day before yesterday, I would like to 
go through the same procedure with you for yesterday. Please indicate what time 
you woke up on <<yesterday>>, had your meals and went to bed.” 
 
 “Now that you have roughly segmented your day, please think about what you did 
during each of these segments. Again, you can choose activities from these category 
lists. After you selected an activity, you will be asked to nominate its intensity (light, 
medium, hard).” 
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THE TIME OF YOUR LIFE STUDY 
PARTICIPANT’S REPORT 	
Dear  
 
Thank you very much for participating in the Time of your life study, which involved 
wearing two activity monitors for one week, and completing interviews and surveys.  
 
A summary of the data we collected from you is shown below: 	
		
Based on 4 days, 10 hours and 5 minutes of monitoring*, we found that you spent  
 
• 75% of your time sitting or lying down (in sedentary activities) 
• 17% of your time in light (slow walking, household activities), and 
• 8% of your time in moderate – vigorous activity. 
 
*It does not include sleeping time at night 	
Sedentary,	683	
Lifestyle,	107	
Light,	49	
Moderate	+	Vigorous,	70	
Minutes	spent	at	different	activity	levels	on	an	average		
day	
Sedentary	 Lifestyle	 Light	 Moderate	+	Vigorous	
EXAMPLE	
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The physical activity guidelines for older Australians recommend the accumulation of 
at least 30 minutes of moderate-vigorous intensity physical activity on most, 
preferably all, days, with some strength training activities on two days every week.  
Your data showed an average daily total of 70 minutes/day of moderate-vigorous 
activity, which means you are meeting the primary guideline. Congratulations! 
 
In appreciation of the time and effort you contributed to this study, we enclose a 
booklet about physical activity, which UQ researchers wrote, using data from another 
study that was conducted a few years ago.  From this you will see that the data we 
collect is always put to good use.  In that case, the booklet was sent by the Minister 
for Veterans' Affairs, to all 'vets' in Australia, as part of the Be Active strategy, which 
was developed here at UQ.  The data we collected from you will also be put to good 
use, in terms of developing policies and strategies for encouraging older people to be 
as active as they can. 
 
If you have any questions, please do not hesitate to contact one of us.  
 
With kind regards, 
 
 
 
 
Nicolas Aguilar   Geeske Peeters  Bob Hill 
 
Phone: 07 3365 6094 – Mobile: 045 1120 141- Email: n.aguilar@uq.edu.au 
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APPENDIX EIGHT 
 
 
 
 
 
STUDY MATERIAL: “THE ENERGY COST OF DAILY 
ACTIVITIES” 
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CONTACT LETTER AND PARTICIPANT INFORMATION LETTER		
Subject: The energy cost of daily activities 
 
Dear, 
 
Researchers from the School of Human Movement Studies at the University 
of Queensland, are conducting a scientific study to measure how much 
energy it takes for people aged 65 years and older to perform daily activities. 
The research team would like to invite you to participate in this study.  
 
In the attached information sheet, we explain why this study is important and 
what it means for you to participate. Please read all the information carefully. 
Within one week, a member of our staff will contact you to talk about your 
willingness to participate. 
 
Should you require any additional information, please do not hesitate to 
contact us. 
 
Thank you for your interest in helping us with this study. 
 
Yours sincerely, 
 
Geeske Peeters Nicolas Aguilar  
Research Fellow Research assistant  
Telephone 07 3346 999 Telephone 07 3365 6094 
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The energy cost of daily activities	
What is this study about? 
It is well-known that physical activity has important health benefits for older people, 
and that many different physical activities (like walking, swimming, cycling) contribute 
to these benefits.  We are unsure however, whether physical activities that take place 
around the house and yard are important for health.  The problem is that we do not 
really know how much energy is expended (used) when older people work around 
the house and garden. In this project we will measure the energy expenditure of 
simple household and garden tasks like dusting, vacuuming, and pruning, in order to 
find out how they compare with the energy expenditure of walking and leisure time 
activities.  
 
Who can participate? 
If you are 65 years or older and live in the community or in a retirement village in the 
Brisbane area, you are welcome to participate. To be able to participate, you have to 
be physically capable of doing activities such as walking, dusting, sweeping and 
watering plants. If you are unsure whether you are eligible for this study, please 
contact one of the researchers. 
 
What does participation involve? 
If you agree to participate in this study, a research assistant will visit you at your 
home. On the night before, and the morning of the home visit, you will be 
encouraged to stay well hydrated and consume meals high in carbohydrate. You will 
be provided with guidelines to assist with hydration and meal planning. In addition, it 
will be recommended that you avoid strenuous exercise in the 24 hours prior to the 
home visit. The visit will take about 2½ hours. We realise that this is a long time, but 
it does include time for short breaks. The appointment for the home visit will be made 
on a day and time that suits your schedule.  
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During the visit, you will be asked to perform the following 6 activities for 10 minutes 
each, with a 5 minute break in between: 
• Sitting quietly 
• Walking outdoors on the flat  
• General house work - e.g. dusting, tidying up, making bed, washing dishes 
• Vigorous house work - e.g. sweeping, mopping, vacuuming  
• General garden work - e.g. pruning, light weeding, watering 
• Vigorous garden work - e.g. pushing a wheelbarrow or mower 
 
You may choose which house or garden activities you would like to do; you can do 
one or a combination in any category. For example, in the garden you might do some 
pruning and watering. While doing these activities, you will be asked to wear an 
oxygen measurement device, which consists of a collar and mouthpiece (see picture 
below). The device calculates the volume of oxygen used by your body while you do 
each task. The collar weighs 570 grams and does not limit your mobility. The 
mouthpiece allows you to breathe normally. 
 
 
Figure 1. Measurement of oxygen uptake with the collar and mouthpiece (left panel) and 
physical activity with an activity monitor worn around the waist (right panel). 
 
We will also ask you to wear an activity monitor. This monitor is worn on a belt 
around the waist. During the breaks, the research assistant will ask you some 
questions about your personal situation (age, marital status, living situation), your 
health (e.g. heart problems), and daily functioning. 
 
 
	
Activity	monitor	and	$1	coin	
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What are the benefits and risks of participation? 
We are grateful for your willingness to participate and the time and information you 
give us. Without your contribution, this study would not be possible. To show our 
appreciation, you will be given a gift voucher after completion of the measurements. 
At the end of the study, we will send you a newsletter in which we will explain the 
results from this study. 
Apart from learning some interesting facts about yourself (how hard you work when 
doing these tasks), the study will yield important scientific information that will 
facilitate future studies about health benefits of physical activity. The outcomes of 
these studies will help us to improve lifestyle recommendations for your own and 
future generations.  
There are no risks associated with this study other than those associated with daily 
life. The measurement devices we use are advanced devices that collect detailed 
information about oxygen uptake and physical activity. They are used worldwide for 
research purposes, but not for personal use. Although it allows you to breathe 
normally, wearing the mouthpiece can be perceived as restrictive. If you feel 
uncomfortable wearing the collar and mouthpiece, just tell us and the testing will be 
terminated. 
 
How do we deal with your privacy? 
This study has been cleared in accordance with the ethical review guidelines and 
processes of the University of Queensland. These guidelines are endorsed by the 
University's principal human ethics committee, the Human Experimentation Ethical 
Review Committee, and registered with the Australian Health Ethics Committee as 
complying with the National Statement. You are free to discuss your participation in 
this study with project staff (contactable on phone number 3346 9999). If you would 
like to speak to an officer of the University not involved in the study, you may contact 
the Universities Ethics Officer on phone number 3365 3924.  
At the beginning of the home visit and before we collect any data, you will be given a 
participant consent form. This form explains that participation is completely voluntary 
and you can withdraw at any time without explanation. 
The information you provide to us will be confidential and safely stored in a locked 
cabinet at the University. The data will be analysed and reported on a group level 
APPENDICES	|			
	 	  190		
only and personal identification will not be possible. Personal information such as 
your name and address will not be handed over to third parties and will be gathered 
only for administrative purposes to enable communication between you and our staff 
for the duration of the study.  
 
Who are the researchers? 
The study is conducted by staff from The University of Queensland, School of 
Human Movement Studies. The study is coordinated by Dr Geeske Peeters 
(Research Fellow) and assistance is given by Mr Nicolas Aguilar (Research 
Assistant). Other members of the research team are Professor Wendy Brown 
(Professor of Physical Activity and Public Health) and Dr Tina Skinner (Lecturer in 
Clinical Exercise Physiology). 
What to do if you want to participate? 
We intend to contact you within one week after receiving this information sheet to 
discuss your participation. If you wish to participate, an appointment will be made for 
the home visit. If you decide not to participate, no further action will be taken.  
 
Other questions? 
You are welcome to contact one of our staff for any questions or concerns during 
office hours. 
  
Mr Nicolas Aguilar – 07 3345 6094 – n.aguilar@uq.edu.au 
Dr Geeske Peeters – 07 3346 9999 – g.peeters@uq.edu.au  
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The energy cost of daily activities 
     Consent Form 
 
This study has been explained to my satisfaction and I understand that the project 
will be carried out as described in the information sheet. I understand that my 
participation is completely voluntary, I can ask questions about the study at any 
point, and I can withdraw at any time simply by informing the researcher. I 
understand that the collected information will be kept confidential, and that personal 
results will not be made available to third parties. I also understand that group results 
will be summarised for all individuals taking part in the study and that individuals will 
not be identified in any publication arising from this project. 
 
I understand that I will be asked to: 
- conduct 6 activities while wearing a collar and mouthpiece; 
- complete a questionnaire about general personal information (e.g. age), health, and 
daily functioning 
 
I have been given a copy of this consent form, as well as the information sheet. 
 
I voluntarily participate in the study “The energy costs of daily activities” 
 
Participant’s name (please print):  -------------------------------------------------- 
Participant’s signature:  -------------------------------------------------- 
Date:     -------------------------------------------------- 
 
Witness’ name (please print) -------------------------------------------------- 
Witness’ signature:   -------------------------------------------------- 
Date:     -------------------------------------------------- 
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PROTOCOL	ENERGY	COSTS	OF	DAILY	ACTIVITIES	
	
First	contact	
o Explain	study	aim/protocol	
o Aim:	to	measure	the	energy	needed	to	do	common	household	and	garden	tasks	like	dusting,	vacuuming	and	pruning.	
o You	will	be	asked	to		
§ complete	a	brief	questionnaire	
§ do	6	activities,	5	minutes	per	activity	with	5	minutes	of	rest	in	between.	
§ wear	two	small	monitors,	one	on	your	leg	and	one	on	a	belt	around	the	waist	
§ wear	a	mask	and	harness	to	measure	the	oxygen	uptake	
o Check	exclusion	criteria:	(cognitively	and	physically	able	to	carry	out	the	activities)	
o 65+	years	
o Are	you	able	to	walk	outside	for	10	minutes?	
o Do	you	do	any	household	and/or	gardening	activities,	such	as	dusting,	dish	washing,	laundry,	vacuuming,	pruning,	watering	plants,	lawn	mowing?	
o Do	you	need	help	with	any	of	these	activities?	
o If	eligible	and	interested,	send	information		letter		
Second	contact	
o Address	any	questions/queries	
o If	willing	to	participate,	plan	visit	–	allow	2	to	2.5	hours.	
o Give	instructions:	
o On	the	night	before	and	morning	of	visit:	hydrate	well,	consume	meals	high	in	carbohydrate,	such	as	pasta.	
o Avoid	strenuous	exercise	on	day	before	visit	
o Wear	comfortable	clothing	suitable	for	these	tasks,	preferably	shorts	for	fitting	of	activity	monitor	on	upper	leg.	
o Have	some	dishes	and	laundry	to	wash.	
	
Home	visit	
o Explain	study	protocol	
o Explain/sign	informed	consent	
o Questionnaire	
o Fit	activity	monitors	and	heart	rate	monitor	
o Fit	Metamax	
o Explain	why	it	is	important	to	minimize	talking	during	measurements	
o Explain	to	indicate	when	not	feeling	well	
o Plan	activities:	-Select	4	of	the	household/garden	activities	and	number	them	2	to	5	(Examples)	1 Walking	outside	
_ Dusting	
_ Dish	washing	
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_ Laundry	
_ Vacuuming	
_ Pruning	and	watering	plants		
_ Lawn	mowing	
o Start	activities	
o Pull	number	from	the	randomisation	box	to	determine	the	next	activity	
o Record	timing	
o Record	how	activity	was	performed		  
APPENDICES	|			
	 	  194		
 
 
Participant ID ID number Actigraph 
 
Date of visit (d/m/y) ID number ActivPAL 
 
The following questions help us understand the different types of 
people involved in our research. 
 
What is your gender? O male O female 
 
What is your date of birth? 
 
In which country were you born? 
 
Which of the following best describes your marital status? 
O Single  
O Divorced 
O Widowed 
O Married or De facto 
 
Do you live: 
O Alone 
O With partner 
O With others 
 
Which of the following best describes your housing situation? 
O House/townhouse/villa/apartment/unit 
O Retirement village 
O Hostel 
O Nursing home 
O Other, please specify: 
__________________________________________ 
 
What is the highest qualification you have completed? 
O No formal education 
O No formal qualifications after school  
O Trade certificate/apprenticeship 
O Certificate/Diploma 
O University degree 
O Higher University/Postgraduate degree 
	 /	 /	
	 /	 /	
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How do you manage on the income you have available?	
O It is impossible  
O It is difficult all of the time 
O It is difficult some of the time 
O It is not too bad 
O It is easy 
 
 
The following questions are about your level of activity 
Please read the following list of activities that increase in difficulty. Think carefully, 
than tick the first activity that, if you performed it for a period of time, would typically 
cause fatigue, shortness of breath, chest discomfort or otherwise cause you to want 
to stop. If you do not normally perform a particular activity, try to imagine what it 
would be like if you did it. 
 
O Eating, getting dressed, working at a desk 
O Taking a shower, shopping, cooking 
O Walking down 8 steps 
O Walking slowly on a flat surface for 1 or 2 blocks 
O A moderate amount of work around the house, such as vacuuming, sweeping 
the floors, or carrying groceries 
O Light yard work (i.e. raking leaves, weeding, sweeping, or pushing a power 
mower), painting, or light carpentry 
O Walking briskly 
O Social dancing, washing the car 
O Play 9 holes of golf carrying your own clubs. Heavy carpentry, mow lawn with 
a push mower 
O Carrying 60 pounds (27 kg), perform heavy outdoor work (i.e. digging, 
spading soil) 
O Walking uphill 
O Carrying groceries upstairs, move heavy furniture 
O Jog slowly on flat surface, climb stairs quickly 
O Bicycling at a moderate pace, sawing wood, jumping rope (slowly) 
O Brisk swimming, bicycle up a hill, jog 6 miles per hour or 10 km per hour 
O Carry a heavy load (i.e. a child or firewood) up 2 flights of stairs 
O Bicycling briskly, continuously 
O Running briskly, continuously (level ground, 8 min/mile or 5 min/km) 
O Any competitive activity, including those that involve intermittent sprinting  
O Running or rowing competitively, bicycle riding. 
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Please choose one activity category that best describes your usual pattern of daily 
physical activities, including activities related to house and family care, 
transportation, occupation, exercise, wellness and leisure or recreational purposes. 
 
O Inactive or little activity other than usual daily activities  
O Regularly (5 days per week or more) participate in physical activities requiring 
low levels of exertion that result in slight increases in breathing and heart rate 
for at least 10 minutes at a time 
O Participate in aerobic exercises such as brisk walking, jogging or running, 
cycling, swimming, or vigorous sports at a comfortable pace or other activities 
requiring similar levels of exertion for 20 to 60 minutes per week  
O Participate in aerobic exercises such as brisk walking, jogging, or running at a 
comfortable pace, or other activities requiring similar levels of exertion for 1 to 
3 hours per week 
O Participate in aerobic exercises such as brisk walking, jogging, or running at a 
comfortable pace, or other activities requiring similar levels of exertion for over 
3 hours per week 
 
The following questions are about your health. 
In general would you say your health is: 
O poor 
O fair 
O good 
O very good 
O excellent 
 
Have you ever been diagnosed with or treated for: 
 Yes No Don’t know 
High blood pressure (hypertension) O O O 
Diabetes (high blood sugar) O O O 
Angina / Heart attack / other heart problems O O O 
Asthma / Bronchitis / Emphysema O O O 
Osteoarthritis O O O 
Rheumatoid arthritis O O O 
Osteoporosis O O O 
Parkinson’s Disease O O O 
Stroke O O O 
Macular Degeneration / Glaucoma / Cataract O O O 
Cancer O O O 
Depression / Anxiety O O O 
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Because of a health or physical problem, do you have difficulty doing any of the 
following activities? 
No 
difficulty 
Some 
difficulty 
Unable 
to do 
Not 
relevant 
Bathing or showering O O O O 
Dressing yourself O O O O 
Eating O O O O 
Getting into or out of chairs or your bed O O O O 
Using the toilet (including getting to the toilet) O O O O 
Walking across a room O O O O 
Getting outside O O O O 
Preparing your own meals O O O O 
Shopping for groceries or personal items O O O O 
Managing money: keeping track, paying bills O O O O 
Making phone calls O O O O 
Doing light housework such as washing 
dishes straightening up, or light cleaning 
O O O O 
Doing heavy housework such as scrubbing 
floors, washing windows, or home repairs 
O O O O 
Getting to places outside of walking distance  O O O O 
Managing your medications O O O O 
 
 
 
Body composition 
 
Height without shoes?                             centimetres   
 
Weight without shoes and heavy clothing           kilograms 
 
 
Waist circumference without heavy clothing?                                          centimetres 
  
                                                                                                                 centimetres 
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SCHOOL OF HUMAN MOVEMENT STUDIES 			
ENERGY COST OF DAILY ACTIVITIES 
PARTICIPANT REPORT 	Dear	XX	XXXXX		Thank	you	very	much	for	participating	in	the	Energy	cost	of	daily	activities	study,	which	involved	wearing	 activity	 monitors	 and	 using	 a	 gas	 analyser	 to	 measure	 the	 energy	 used	 during		household	and	gardening	activities.			Altogether	we	measured	the	energy	cost	of	16	different	activities,	 including	 lying	down,	sitting,	walking,	vacuuming,	dusting,	sweeping,	cleaning	windows,	gardening	and	mowing.		The	average	energy	 expenditure	 of	 each	 activity	 is	 shown	 below.	 	 This	 is	measured	 in	 a	 unit	 called	 ‘METS’	(metabolic	equivalents,	which	relate	 to	 the	amount	of	oxygen	needed	 to	do	each	activity).	 	For	example,	a	MET	value	of	2.5	means	you	are	using	2.5	times	more	energy	than	at	rest.		A	summary	of	the	average	data	collected	from	40	different	people	is	shown	below:	
		
In	research,	activities	are	categorised	as:	
Sedentary:		 1	to	1.5	METs	 	 (eg	lying	down,	sitting,	watching	TV)	
Light	 	 1.5	to	3	METs	 	 (eg	dusting,	pruning,	ironing)	
Moderate	 3	to	6	METs		 	 (eg	vacuuming,	walking,	cleaning	windows)	
Vigorous	 6	or	more	METs	 (eg	carrying	heavy	loads	(20	kg))		
1.0	 1.0	
2.0	 2.1	 2.3	 2.4	
2.6	 2.7	 2.8	 2.9	 3.0	
3.2	 3.2	 3.5	
3.9	
5.0	
0.0	1.0	2.0	
3.0	4.0	5.0	
6.0	 Energy	expenditure	of	each	activity	(METS)	
EXAMPLE	
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The	physical	activity	guidelines	for	older	Australians	recommend	the	accumulation	of	at	least	30	minutes	 of	 at	 least	moderate	 intensity	 physical	 activity	 on	most,	 preferably	 all,	 days	 every	week.	 	 This	 means	 activity	 with	 a	 MET	 value	 of	 3	 or	 more.	 	 In	 terms	 of	 being	 active,	 people	usually	 think	 about	 sports	 and	 exercise,	 but	 also	 daily	 activity	 such	 as	 washing	windows	 and	doing	 the	 laundry	 can	 be	 beneficial	 for	 your	 health.	 It	 is	 important	 to	 also	 include	 some	strengthening	 exercise,	 that	 is,	 activities	 which	 involve	 lifting,	 carrying	 or	 pushing.	 	 It	 is	 also	recommended	not	to	sit	or	lie	down	for	long	periods	of	time	without	some	kind	of	‘activity	break’	(unless	of	course	you	are	sleeping!).	
	
The	MET	values	for	YOUR	activities	are	shown	below:	
	The	 data	 we	 collected	 from	 you	 will	 be	 used	 to	 develop	 recommendations	 and	 strategies	 for	encouraging	 older	 people	 to	 be	 as	 active	 as	 they	 can,	 and	 to	 understand	 more	 about	 energy	balance	and	health	in	the	ageing	population.		Thank	you	again	for	your	valuable	contribution	to	this	work.		If	you	have	any	questions,	please	do	not	hesitate	to	contact	one	of	us.		With	best	wishes		Mr	Nicolas	Aguilar-Farías	 Dr	Geeske	Peeters	 	 Prof	Wendy	Brown	Phone:	07	3365	6094	 	 07	3346	9999	 	 	 07	3365	6446	n.aguilar@uq.edu.au	 	 g.peeters@hms.uq.edu.au	 wbrown@hms.uq.edu.au	
 
 
 
  
2.7	
3.8	
1.0	
1.0	
2.5	
3.6	
0.0	 0.5	 1.0	 1.5	 2.0	 2.5	 3.0	 3.5	 4.0	Ironing	
Sweeping	
Lying	quietly	
Sitting	
Pruning	
Walking	(self-paced)	
APPENDICES	|			
	 	  200		
PICTURES OF “THE ENERGY COST OF DAILY ACTIVITIES”  
Participants from Brisbane, QLD and Port Stephens, NSW have been measured while 
doing their household and gardening activities. 
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APPENDIX NINE 	
SUPPLEMENTARY MATERIAL FROM STUDY ONE 	
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APPENDIX TEN 
SUPPLEMENTARY MATERIAL FROM STUDY THREE 
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